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The Most Versatile Integrated System Available! — Without Compromise. 


From the crystal clear monitor with a 
true typist keyboard to the high 
performance switching power supply—an 
engineered solution—the 5000 IS system 
is designed with IEEE standard $100 Bus 
architecture, giving you the flexibility and 
compatibility expected of an industrial 
grade computer. 

Now you can have 1 MByte Floppies, 
25 MByte Winchesters with ECC, 
extended RAM memory (beyond the 
basic 64K), various peripheral controllers, 
and best of all, the 5000 IS can serve as 


IMS INTERNATIONAL DISTRIBUTORS: Argentina 
Australia Chile 
Austria Ecuador 


Canada 


the host processor of a multi-user, multi- 
processing system. Up to four I/O 
processors may be resident in the 5000 
IS, each with its own Z80 Micro- 
processor, 64K of memory and two Serial 
I/O Channels. 

With this flexibility you can configure 
the highest performance, lowest cost 
multi-processing system available. 

Memory parity—of course! Two year 
warranty—naturally! 

For complete information and 
specifications on the 5000 IS plus the 


location of your nearby IMS International 
dealer, call or write today! 


S.1. MICROCOMPUTER 
PRODUCTS PTY. LTD. 


GPO BOX 72, SYDNEY 2000 
92 PITT ST, SYDNEY 
(02) 231 4091, 232 6804. 
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Whilst every effort has been made to ensure 
that all constructional projects referred to in 
this edition will operate as indicated efficiently 
and properly, and that all necessary com- 
ponents to build the same will be available, 
no responsibility whatsoever is accepted in 
respect of the failure for any reason at all of 
the project to operate effectively or at all 
whether due to any fault in design or 
otherwise, and no responsibility is accepted 
in respect of any injury or damage caused by 
any fault in the design of any such project 
aforesaid. 


Some of the articles in this book were 
originally published in Electronics Today 
International magazine. Prices quoted 
were, to our knowledge, correct at the 
time of original publications, but may 
have changed subsequently. It would 

be advisable to contact suppliers for 


up-to-date information on prices. 11/82. 
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No other birth has created 
such an impression. 


Epson printers 


A whole new generation of Epson MX printers has you still get a bidirectional, logical seeking, disposable 
just arrived. And while they share the family traits that print head, crisp, clean, correspondence quality printing, 
made Epson famous—like unequalled reliability and and the kind of reliability that has made Epson the best- 
ultra-fine printing—they’ve got a lot more of what it selling printers in the wofld. 
takes to be a legend. All of which should come as no surprise, especially 

For instance, they’ve got a few extra type styles. when you look at the family tree. After all, Epson 
Sixty-six, to be exact, including italics, a handy invented digital printers almost seventeen years ago for 
subscript and superscript for scientific notation, and the 1964 Tokyo Olympics. We were the first to make 
enough international symbols to print most printers as reliable as the family stereo. And we 
Western languages. introduced the computer world to correspondence 

What’s more, on the new generation MX-80 Type III FT quality printing and disposable print heads. And now 
and MX-100 Type ITI FT you get true back-space, we’ve given birth to the finest printers for small 
software printer reset, and programmable form length, computers on the market. 
horizontal tab and right margin. All standard! What’s next? Wait and 

All in all, they’ve got the features that make them see. We're already E a S O N 
destined for stardom. But the best part is that beneath expecting. 


this software bonanza beats the heart of an Epson. So 


For further information contact your nearest Warburton Franki office 


WARBURTON FRANKI 


@ ADELAIDE (08) 356-7333 @ BRISBANE (07) 52-7255 @ SYDNEY (02) 648-1711 @ MELBOURNE (03) 699-4999 Wy 
@ PERTH (09) 277-7000 
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Project 685 


A single-board computer using 
the 2650 on an S100 card 


The S100 buss has become one of the most successful 
buss standards for both hobbyist and _ professional 
applications. Most past ETI computer projects have 
supported this buss. This project continues the line of 
succession and uses the popular 2650 microprocessor in 
a single-board computer design with many features not 
found elsewhere. It is compatible with previous S100 
projects published in ETI magazine and previous volumes 
of Computers and Computing. 


THE INTRODUCTION of the micro- 
processor to the electronics scene has 
brought with it many great possibilities 
and many new challenges for both the 
hobbyist and professional system 
builder. While the microprocessor is 
extremely flexible and is capable of 
excelling in most applications over 
‘discrete’ circuit assemblies, it is unable 
to operate by itself. The microprocessor 
is only a system component and must be 
supported by a variety of additional 
components to be capable of performing 
any given task. 

The basic microcomputer system is 
composed of three main units, or mod- 
ules. These are: the Central Processing 
Unit (CPU), the Memory Unit and the 
Input/Output (I/O) Port Units. The 
CPU with its associated control circuitry 
performs all the processing and system 
control operations. The Memory Unit 
usually consists of several blocks of 
memory, each with its own address 
decoding circuitry. The memory blocks 
can consist of either non-volatile Read 
Only Memory (ROM) in which is stored 
permanent programs (or data), or Ran- 
dom Access Memory (RAM) in which is 
stored variable data that is subject to 
change during program execution. The 
Input/Output Units and the associated 
control circuitry provide the primary 
means by which the ‘external world’ can 
communicate with the CPU. 


one board or on separate boards, and are 
normally interconnected by a standard- 
ised system buss. (A ‘buss’ is a system or 


group of interconnections common to an | ~ 


assembly of different devices). 


All these | 
units may be located simultaneously on | 


In many applications the microcom- 
puter system is custom designed for the 
application required, but this is gener- 
ally very expensive and quite inflexible 
to the needs of future expansion. Instead 
of designing individual cards which are 
dedicated to one application, it is often 
more cost effective to design small 
general purpose cards which can be used 
as building blocks for larger systems. 
This individual tailoring allows the 
finished system to suit any given appli- 
cation and, by its very nature of 


GENERAL SPECIFICATIONS — ETI 685 


Ron Koenig 


construction, is more flexible to the 
needs of future expansion. 

Fortunately, the microprocessor lends 
itself naturally to the modular system 
approach. The concept of the buss- 
structured system can therefore be 
utilised to its maximum and provide the 
system designer with a means by which 
he can buy and develop small general 
purpose cards and interconnect them via 
the microprocessor buss. 

The microprocessor buss forms the 
backbone to the microcomputer system. > 


Accommodates 2650A (1 MHz) or high speed 2650A-1 (2 MHz) CPUs. 
On-board 4 MHz crystal oscillator supplying the CPU and buss clocks. 
4K of on-board RAM memory switchable to any 4K address boundary. 
4K of on-board EPROM memory configured as: 
-1K, 2K or 4K of EPROM memory commencing at ‘0000’ hex. 
-Supports multirail and single rail 2708 and 2716 EPROMs. 
-Selected on-board EPROM has priority over RAM Memory. 
-ROM memory can be enabled and disabled by software. 
The PHANTOM signal is generated when on-board RAM or EPROM is selected to 


disable any ‘ 


memory on the buss at the same address. 


One SERIAL PORT supported as EIA RS-232C and current loop. 

One latched 8-bit PARALLEL-IN ‘keyboard’ PORT. 

One Programmable Peripheral Interface (PPI) providing THREE PROGRAMMABLE 
_ PORTS. This PPI can provide combinations of static or strobed 1/0, strobed bi- 

directional or serial 1/0 and 16-bit timer operations. 

One Programmable Interrupt Controller (PIC) providing eight levels of programmable 


vectored interrupts. - 


Non-vectored interrupts using pINT and sINTA. 
- Full $100 processor and status signal generation:- 
-pWR, pDBIN, sMEMR, sMWRT, sWO, sINP and sOUT for memory and 1/0 data 


dee 


ange. 
-pSTVAL, pSYNC, @ (1 MHz) and CLOCK (2 MHz) for buss timing. 


-pOC for system initialisation. 


. Fully buffered status, address and data lines. 
‘Direct Memory Address (DMA) capability using pHOLD and pHLDA. 


on-board bank select logic. 


CPU can address up to 512K of memory using a full 16-bit S100 address buss and the 


Project 685 


It provides the communication ‘high- 
way’ between the CPU and the systems 
memory and input/output modules. A 
great many microcomputer standard 
busses exist today. Some of these have 
thrived because of the de facto accept- 
ance by large user groups, some by their 
ability to support a wide variety of 
regular devices, and others by their 
technical excellence. | have chosen to 
interface with the $100 buss as this is 
currently recognised as one of the 
industry leaders. 


The $100 buss 

This originated in the USA early in 1975 
in a microcomputer system manufac- 
tured by MITS. The system was called 
the Altair 8800 and it used a 100-pin pe 
board connector (50 pins a side) to 
provide a communications buss for an 
Intel 8080 CPU. The Altair Buss later 
became known as the ‘Standard 100 Pin 
Buss’, or 5100 buss. 


NOTE: 

H Active high signal. L 
(O/C) 
NAME LEVEL 
+BV 2 
“16V é 
XADY H 

vio LiOrc) 
vi L(O/C) Ditto 
viz L(Ore) Ditto 
Vi3 L{O/C) Ditto 
MIs L(O/C) Ditto 
VIS Lore) Ditto 
vi6 \(O/C) Ditto 
VI? {O/C} Ditto 
NMI L 
PWRFAIL L 
DMA3 L(0/C) 
AB H 

A16 H 

Al7 H 
SDSB L(O/C) 
cose (O/C) 


FUNCTION 


ea nae 


Priority bit 3 


NDEF 
ADSB 
0o0SB 
PH2 
PSTVAL 
PHLOA 
RFU 
RFU 


L(O/C) 


(o/c) 


Reserved 
Reserved 


Active low signal 
signal driven by open collector device 


Positive systern power supply 
+16 V power supply 

Buss ready; use with pin 72 
Vectored interrupt line 0 


Non-maskable interrupt 
Indicates power failure 


Extended address bit 18 
Extended address bit 16 
Extended address bit 17 
Disable 8 status lines 
Disable 5 control lines 
GND Common with pin 100 
Manutacturer specification 
Oisable 16 address lines 
Disable 8 data lines 
Master buss timing signal 
Status valid strobe 

Use with pin 74 to buss 


Recently the S100 buss has attracted 
the attention of the Institute of Electri- 
cal and Electronic Engineers in the USA. 
They have now drafted the IEEE-696 
Specification for the buss, which defines 
the electrical and buss timing 
specifications for the current generation 
of 16-bit microprocessors. Some changes 
include a 16-bit bi-directional data buss 
and an extended 24-bit address buss. 
Special signals have been designated to 
permit the combined operation of 8-bit 
and 16-bit hardware. These improve- 
ments will increase the useful life of the 
$100 buss well into the 1990s. 

The S100 buss has become one of the 
most commercially successful buss stan- 
dards ever produced, and the multitude 
of $100-compatible boards has attracted 
the interest of both the professional and 
hobby computerist. Several Austra- 
lian companies are currently manufac- 
turing S100 boards and several ‘kit’ 
projects have been published in ETI 


IEEE-696 $100 BUSS STANDARD PINOUTS 


CLOCK 
GND 
+8V 
-16V 
GND 
SCLA 
OMAO 
OMA1 
OMA2 
SXxXTRQ 
A19 
SIXTN 
A20 
A21 
A22 
A23 
NDEF 
NDEF 
PHANT 
MWRT 
RFU 
GND 
RFU 
ROY 
iNT 
HOLD 
RESET 
PSYNC 
PWR 
POBIN 
AO 
Al 


magazine. The S100 RAM Card (642 
from ETI Feb 1979) and the S100 PROM 
Board (682 page 33, this book) are 
compatible with this project. The S100 
VDU Board (640 from Computers and 
Computing 1980) and the S100 Pro- 
grammable Character Generator (681 
from Computers and Computing 1982) 
are compatible video interface units. 


The project 

The ETI-685 has been designed as a very 
flexible general purpose single-board 
computer incorporating the Signetics 
2650 8-bit microprocessor. This 2650 
CPU board has been designed to 
interface with the well-established S100 
buss structure, and this enables the user 
to easily expand his system's input/ 
output and memory capabilities. This 
easy-to-use single-board system is a very 
cost-effective CPU board for OEM 


2 MHz signal 
Common with pin 100 
Common with pin 1 

- Negative 16 V supply 

- Common with pin 100 

L(O/C) Reset buss slaves 

(o/c) Priority bit 0 

(O/C) Priority bit 1 

L(O/C) Priority bit 2 
Status signal (slave request) 
Extended address bit 19 
Response by slaves to pin 58 
Extended address bit 20 
Extended address bit 21 
Extended address bit 22 
Extended address bit 23 


Phantom to disable slave devices 
With PWR for write operation 
Reserved 

Common with pin 100 

Reserved 

With pin 3 

Interrupt request 

Used with pHLDA 

Master reset 

Control buss cycle 1 

Valid data on DO buss 

Control signal data from OI buss 
Address bit 0 

Address bit 1 


H(O/C) 
L(O/C) 
(O/C) 
(O/C) 


AS 
A4 
A3 
AS 
Al2 
Ag 
p01 
DOO 
A10 
004 
005 
006 
Di2 
O13 
O17 


Address bit 5 

Address bit 4 

Address bit 3 

Address bit 15 

Address bit 12 

Address bit 9 

Oata out bit 1 (bidirectional bit 1) 
Data out bit 0 (bidirectional bit 0) 
Address bit 10 

Data out bit 4 (bidirectional bit 4) 
Data out bit 5 (bidirectional bit 5) 
Data out bit 6 (bidirectional bit 6) 
Data in bit 2 (bidirectional bit 10) 
Data in bit 3 (bidirectional bit 11) 
Data in bit 7 (bidirectional bit 15) 


A2 
AG 
A7 
AB 
A13 
Al4 
All 
002 
003 
DO7 


Address bit 2 

Address bit 6 

Address bit 7 

Address bit 8 

Address bit 13 

Address bit 14 

Address bit 11 

Oata out bit 2 (bidirectional bit 2) 
Data out bit 3 (bidirectional bit 3) 
Data out bit 7 (bidirectional bit 7) 
Data in bit 4 (bidirectional bit 12) 
Data in bit 5 (bidirectional bit 13) 
Data in bit 6 (bidirectional bit 14) 
Data in bit 1 (bidirectional bit 9) 
Data in bit 0 (bidirectional bit 8) 


SMI 
SOUT 
SINP 
SMEMR 
SHLTA 


Status signal (op-code fetch) 

Status signal (data to output device) 
Status signal (data to input device) 
Status signat (data from memory to buss) 
Status signal (halt executed) 


Status after interrupt request (pin 73) 
Status signal data (transfer master to slave) 
Status signal error (in current cycle) 
Power-on-clear signal 

System ground 
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applications, 2650 enthusiasts, micro- 15! +8V in es 
processor students or the computer 7 ey 
hobbyist after a powerful, expandable +] =a 
system well supported with projects and % : 7 \essbiecahitcnaad 
software. 50, 100 ee 

The ETI-685 is an ideal microproces- wil 


sor for the student or hobbyist who is 

just starting out in the world of 

microcomputing. Well-known author 

Adam Osborne describes the 2650 as “a 2 in eat 

very mini-computer-like device... richin [0 +12V 

memory-addressing modes and memory i 
é Shape c4 

reference instructions”. Memory ad- 10u 

dressing combinations available include 

absolute or relative direct addressing 

with optional indexing and _ auto- 

increment or decrement, and indirect 

addressing with optional post-indexing 

and auto-increment or decrement. 

It may be seen from examination of 
the 2650 instruction set that there are 
many powerful instructions which are all 
easily understood and are typical of 
larger computers. This project has been 
designed to fully complement the capa- 
bilities of this very able microprocessor 
as every mode of memory or I/O 
addressing has been utilised. NOTE: IC2 IS NOT REQUIRED IF 2708 

Several of the 256 extended I/O EPROMS ARE NOT USED. 
addresses are used on the CPU board top POWER SUPPLY 
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Review of the Ohio 
Scientific Superboard II 


The Superboard is a 6502-based, low-cost ‘naked’ micro. 
If you have no need for interfacing applications and don't 
wish to play games, then this board is worth a close look. 


THE SUPERBOARD II from Ohio 
Scientific is a 6502-based single-board 
microcomputer. It is one of the class of 
microcomputers which come as as- 
sembled but unboxed units, requiring 
the addition of a power supply and any 
housing you may desire. This is all in 
the interest of low cost. Its output is 
video, and so you need either a monitor 
or a small modification to your TV (for 
which see Computers and Computing, 
Yearbook ’82). It is actually the insides 
of the Superboard, the lowest of the 
series of ‘Challenger’ home computers. 

The unit supplied to us arrived with 
8K of RAM, which is the maximum 
possible on the CPU board, though 
expansion to 32K outboard is available 
as an option. The board itself is not 
particularly crowded, nor is it of particu- 
larly high quality, but it seemed 
adequate and did not get upset with the 
manhandling and moving about that we 
gave it. Disk drives and printer etc are 
available and can be attached when you 
want to expand. We did not have any of 
these to play with, so we cannot com- 
ment on them. 

Our Superboard drew less than 2 A 
from the single +5 V rail it requires. A 
couple of connections and we had the 
system up and awaiting instructions. It 
came to us with: 


1.Some introductory information. 

2. A user’s manual 

3. Servicing data manual 

4. BASIC quick reference manual 

5. Three standard example cassettes 

6. A dozen or so games tapes 

7. A large tome discussing BASIC and 
its application 

8.A ‘DABUG’ PROM and its litera- 
ture, which is an operating system 
update kit. 


In the above, 6, 7 and 8 cost extra, 
while the others are standard issue. The 
last item is the work of a Melbourne- 
based enterprise, and as we shall see, is 
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the best thing that ever happened to the 
Superboard. 


Discussing the standard items first: 
the introductory paperwork and the 
user’s manual seemed to have been 
written for buyers of the fully built-up 
Challenger unit, rather than for buyers 
of the exposed cheap version, and we 
were rather disappointed at this lack of 
care and attention. Annoying details 
keep cropping up, for example where 
the manual describes connectors on the 
back of the cabinet, etc. Despite this bad 
orientation the manual did supply all 
the required information for flying the 
beast. The servicing data manual is 
excellent, and we can think of several 
companies who could be _ severely 
embarrassed by comparison in this 
area. The three standard cassettes sup- 
plied give only introduction and trivial 


Jonathan Scott 


exercise programs. These are fine, but 
we feel that the Superboard will appeal 
to people who have some idea of what 
they are doing already, and as the tapes 
are aimed at complete novices they will 
not be likely to enthuse the typical 
buyer. Finally, the BASIC reference 
manual is quite good, giving just suffi- 
cient information to orientate the user 
with respect to any particular BASIC 
statement, while remaining small 
enough to be convenient. 

The Challenger-standard games tapes 
we were supplied with proved to be 
written in BASIC rather than machine 
code, and thus were next to useless. The 
‘real time’ games were slow and cum- 
bersome, and games requiring detailed 
graphics were at a severe disadvantage 
because the Superboard uses a character- 
generated rather than bit-mapped video 


the 2650’s non-extended C and D ports. The C 
port addresses the Control input for loading the 
Command Register and reading the Status 
Register, and the Data read or write transfers to 
or from the selected internal registers or 
memory locations are performed via the D port. 


NON-VECTORED INTERRUPTS 
The S100 non-vectored Interrupt Request 
(pINT) on busspin 73 is also supported on the 
board. This input, when pulled low, sets the flip- 
flop IC46a and generates a 2650 INTREQ. When 
this interrupt occurs, the 2650 will complete its 
current instruction, set the interrupt inhibit bit in 
the PSW and generate an S100 sINTA (‘inter- 
rupt acknowledge’) signal on buss pin 96. On 
receipt of sINTA the interrupting device must 
output the 8-bit vector onto the data-in buss. 
The flip-flop IC46a is reset automatically when 
the CPU generates sINTA. 

This interrupt request (pINT) has been allot- 
ted a higher priority than the eight vectored 
interrupts managed by the PIC. 


MONITOR 

A 2716 2K, single-rail EPROM containing two 1K 
monitor programs is available for use with this 
project. The EPROM has been written to 
support either serial communications or 
memory-mapped video terminals by selecting 
the appropriate 1K monitor. The EPROM-type 
link field is set up for a 2758 single-rail 1K 
EPROM, and the A10 address pin is wired to 
either 0 V or +5 V to select the required 1K 
monitor. 

Both monitor programs have been styled on 
the BINBUG monitor and their commands are 
compatible to BINBUG and the Signetics 
PIPBUG monitors. The SERIAL MONITOR 
communicates at 300 Baud via the 2650 Flag 
and Sense pins and contains a few new 
subroutines to erase the VDU screen and print 
a sign-on message. The MEMORY-MAPPED 
MONITOR differs only from BINBUG in the 
keyboard-in subroutine, which now utilises the 
SBC 8-bit parallel port. 


BANK SELECT 

The ETI-685 incorporates a bank select 
facility to extend the 2650's maximum address 
range to 512K of memory. This is accomplished 
by first generating a sixteenth address bit to 
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provide an address range of 64K, and then 
providing a one-of-eight bank (of 64K) select. A 
quad latch, addressed as one of the on-board 
decoded extended addresses, is used to store 
four bits of data. The least significant bit is used 
as the sixteenth $100 address bit (A15), and the 
other three bits are presented to a 74LS138 
one-of-eight decoder. The eight outputs of the 
decoder are buffered and appear on the $100 
buss on pins 59 to 66 inclusive. If the bank 
select feature is not required the 74LS138 and 
the tri-state buffer can be omitted. 


$100 SIGNAL GENERATION AND TIMING 

An 828123 fuse-link PROM (IC34) is used to 
synthesise seven of the eleven S100 control and 
status signals generated on the board. This 
PROM has as its inputs the five 2650 control 
signals — OPREQ, WRP, R/W, M/TO and 
E/NE. 

The 2650 ‘operation request’ (OPREQ) output 
signal is the coordinating signal for all external 
CPU operations. As this signal validates (or 
qualifies) all data, address and control tines 
from the 2650 it is ‘ANDed’ in the PROM with the 
other four CPU control signals. The OPREQ 
signal is used to generate the $100 control 
signal pSTVAL (Processor Status Valid). 

The Write Pulse (WRP) output is a timing 
signal from the CPU that provides a positive- 
going pulse in the middie of each memory or I/O 
write operation. It is designed to be used as a 
timed Write Strobe generated after the address 
and data lines have stabilised. In the fuse-link 
PROM this signal is used to generate the $100 
control signal, PWR. 

The processor Read/Write (F/W) output 
defines whether the external operation is a read 
or a write, and the Memory I/O (M/1 0) output 
defines whether the operation is for memory or 
(/O. These signals are gated in the PROM to 
produce the S100 sMEMR, sINP, SMWRT and 
sOUT signals. As R/W also indicates in which 
direction the data flow is, it is also used to 
generate pDBIN and to control the on-board 
data-buss transceivers. 

The Extended/Non-Extended (E/ WE) 2650 
output is the operation control signal that is 
used to discriminate between the two-byte 
extended and the one-byte non-extended 1/0 
operation. On the ETI-685 the C and D non- 
extended I/O addresses are used for communi- 
cating with the on-board Interrupt Controller 
and they are not presented to the S100 buss. 
The extended signal is used in the PROM to 
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qualify the $100 1/O status signals sINP, SOUT 
and sWoO. 

The $100 control signal pSYNC is defined as 
indicating the start of a new buss cycle and was 
initially used to strobe the status latches of 
external circuitry. These latches stored the 
8080's status information which was present on 
its data lines at this time. As several modern 
memory boards use pSYNC pulses (@.g: to 
generate ‘wait states’) this $100 control signal 
has been synthesised on the ETI-685. A 
modulo-3 counter synchronised by OPREQ is 
used to generate a pulse every three CPU clock 
cycles. This pulse is one clock period long, and 
is timed to rise midway through the first buss 
cycle. 

The $100 CLOCK signal is a 2 MHz clock, and 
the phi (¢) signal is the same frequency as the 
CPU clock (as selected by W9). A Power-On- 
Clear (POC) signal is generated onboard and 
can be used to reset ‘slave’ devices. The Status 
signal sINTA is the 2650 INTACK, and the 
PHLDA is the ‘WAIT’ CPU signal. 

Refer to the S100 buss timing diagram for a 
graphical representation of the timing of these 
Status and Control signals. 
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DIRECT MEMORY ACCESS (DMA) 

The temporary transfer of buss control from the 
Buss Master to a Temporary Buss Master for 
that device to execute a direct memory read or 
write is referred to as ‘Direct Memory Access’. 
In order to avoid conflict during this transfer of 
buss control, a predetermined sequence of 
events exists which is called the DMA Cycle. The 
exchange of buss control to the DMA device 
and the subsequent return of control to the CPU 
(Buss Master) is accomplished by the $100 
PHOLD and pHLDA signals. 

On the ETI-685 board the pHOLD S100 signal 
(pin 74) is connected to the 2650 Pause line. 
When this signal is active the CPU completes its 
current instruction and enters the WAIT state. It 
indicates when this condition exists by sending 
the RUN/WATT status output ‘low’, and this 
action generates the S100 pHLDA signal (pin 
26). The receipt of pHLDA by the OMA device 
indicates that it may assert ADSB, DODSB and 
SDSB, which disables (tri-states) the CPU 
address, data-out and status buss-buffers. The 
final transfer of buss control is effected with the 
assertion of CDSB, which disables the CPU 
control buss-buffer. 

The Temporary Buss Master is now in full 
control of the buss, and will maintain this 
condition to the end of its OMA cycle. Return of 
control to the Buss Master is almost the ‘mirror 
image’ of events, with the final transfer of 
control accomplished with the removal of the 
PHOLD signal by the DMA device. 

Refer to DMA sequence timing diagram for a 
graphical representation of a DMA Cycle. 
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COMPONENT PINOUTS 


Capacitors 


+ + 
tantalum 


INPUT 
COMMON 
OUTPUT 


TO-220 
78xx +ve voltage reg. 


COMMON 
INPUT 
OUTPUT 


TO-220 
79xx —ve voltage reg. 


TO-92 


BC548, BC108 


NOTCH OR SPOT 
AT THIS END 


1 


ICs 


COMMON (INTERNALLY 
CONNECTED TO CASE) 


INPUT 


OUTPHIT 
al 


LEADS ARE CLOSER 
TO THIS END OF THE 
PACKAGE 


TO-3 
+ve voltage reg. 


From page 7 


access the on-board programmable 
ports, and the control and data non- 
extended I/O instructions are used to 
communicate with the programmable 
Interrupt Controller. This Interrupt 
Controller will provide the user with a 
full understanding of interrupt handling 
procedures. 


Construction 


The pc board designed for this project is 
a double-sided type with plated-through 
holes. We recommend you use a com- 
mercially made board for no other 
reason than that it goes a long way 
towards ensuring success with the 
project. If you have access to the 
appropriate equipment and have 
enough experience to feel confident in 
making your own double-sided board, 
then prints of the pc board pattern are 
available from us — with the usual 
proviso that you will only be making 
one for your own use and not for resale. 
Note that breach of copyright is now a 
criminal offence. The board design is 
copyright to the author, who has 
licensed Applied Technology to manu- 
facture them. Apart from selling them 
retail, we understand Applied Tech- 
nology will wholesale boards to other 
suppliers. 

If you want to make your own board, 
then send a large (at least 250 x 300 mm) 
stamped, addressed envelope to: 

ETI-685 PCB 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011 
We will return a same-size positive print 
of the front and rear pc board patterns. 

With the pc board and all the 
components in your possession, the first 
step is to install all the IC sockets in 
their correct positions. It is rec- 
ommended that you use sockets for the 
two EPROM positions (ICs 15 and 16), 
the 2650 CPU (IC30), all the RAM chips 
(ICs 11, 12, 13 and 14 plus ICs 26, 27, 28 
and 29), IC7 (the PIC), IC32 (the 8255 
PPI), 1C43 (though one is not shown in 
our picture) and IC48. These are all 
located on the component side (‘front’). 
Take care to orient them correctly. On 
those oriented ‘vertically’, pin 1 faces 
‘down’ (toward the S100 connector). 
Those oriented ‘horizontally’ face the 
right hand side of the board, when 
viewed from the component side with 
the S100 connector facing down. 

For the ports — marked X1, X2, X3, 
X4 and X5 — you have the option of 
installing dual-in-line sockets or the 
appropriate right-angle connectors (as 
shown in the photograph of the proto- 
type). 


A little tip — when installing IC 
sockets, solder one pin on each end of the 
socket and check that the socket is flat 
against the board. If necessary, reheat 
the solder and push the socket against 
the board. When all sockets are ‘tacked’ 
in flat, finish soldering all the other pins. 

Install all the resistors next. Pre-bend 
the leads of each resistor using a pair of 
long-nosed pliers before inserting them 
into the board. Note that R2 to R15 are 
mounted vertically. 

Install the four resistor networks 
(RN1, 2, 3 and 4). Note that pin 1, 
identified by a ‘dot’ on the resistor 
network, is located as indicated on the 
component overlay. 

Now install all the capacitors. Take 
note of the polarity of the tantalum 
capacitors. 

Follow with diodes D1, D2 and D3; D1 
and D2 are mounted vertically. Take 
note of their polarity, also. 

Next comes the crystal. Carefully pre- 
form the leads with a pair of long-nosed 
pliers and apply an 8 mm-square piece 
of double-sided tape to the back of the 
crystal before installing it on the board. 


eh targets 4k7x9 SIP 
resistor networks 
nian ed ess 1u/6 V or 10 V tant 
Varin na she ace 10u/35 V tant 
C3, 8, 10-25, 27, 28, 30, 
Se ern ee 100n ceramic 
aie meee ek Ue Re 1u/15 V or 25 V tant 

cs Siaif Ganka ak 220p ceramic 
Wh S88 OAS 22p (see text) 

eae iacbrae be aaeee. 10n ceramic 


seietatasd vince Tete 1N914A, 1N4148A 
sand eania Pads BC108, BC548 


iP asiok atten sat oaie nates AM9519PC (PIC) 
St eee 74LS175 
Dated iileenn a eek 74LS138 
IC11-14, 26-29....... 
IC 15 AGF eo ick onde 2708/2716 
(one monitor, one spare) 
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When soldering, do not apply excessive 
heat. 

At this stage, check with a multimeter 
that there is not a short circuit between 
any voltage rail and O V. Measure at the 
regulators IC1, 2, 3 and 4 between the 
input and output to ground for any short 
circuits. Locate and rectify any ‘shorts’ 
found before proceeding any further. 

Now you can install the voltage 
regulators IC1, IC2, IC3 and IC4. IC3 is 
mounted on a large, finned heatsink 
which must be spaced above the board. 
Mount four M3 10 mm screws onto the 
pe board, with four nuts on the top of the 
board acting as spacers. Fit the heatsink 
onto the four screws and, after checking 
that the IC holes are the right way, 
secure the heatsink with two nuts to the 
outside screws. Apply heat conductive 
silicon paste to the underside of IC3 and 
mount it onto the heatsink. Secure with 
two nuts and solder the two pins. 

Now it is prudent to check power 
supply operation. Apply power and 
verify with your multimeter that the 
outputs of the voltage regulators are 


within + 5% (e.g: 5.2 to 4.8 V for IC3). p 
PARTS LIST—ETI-685 


Miscellaneous 
PI ope seg ation tegess 4.000 MHz crystal 

fs¥h Aare aos 8-way SPST DIP switch 
ETI-685 pc board (see text); pc-mount TO-3 heat- 
sink — Thermalloy type THM6051B or 6001B-2 
or similar; DIP sockets — 2 x 8-pin, 15x 14-pin, 15 
x 16-pin; 8 x 18-pin, 5 x 20-pin, 1 x 22-pin, 2 x 
24-pin, 1 x 28-pin, 2 x 40-pin; nuts, bolts etc.; two 
pc board ejectors — e.g: Cambion No. 415 7036 
01 00 20 or similar. 
Optional connectors: The following connectors 
may be used in lieu of 16-pin DIP sockets: 1 x 
25-pin 90° pe-mount ‘D' connector (CP6850- 
25RD); 3 x 10-pin 90° headers (e.g: Hirose HIF3- 
10P-2.54DS or sim.); 1 x 16-pin 90° header (e.g: 
Hirose HIF3-16P-2.54DS or sim.). 


Price estimate 
We estimate the cost of purchasing all the com- 
ponents for this project will be in the range: 


$200—$230 

Note that this is an estimate only and not a 
recommended price. A variety of factors may 
affect the price of a project, such as — quality of 
components purchased, type of pc board (fibre- 
glass or phenolic base), type of front panel 
supplied (if used), etc — whether bought as 
separate components or made up as a kit. 


13 


Project 685 


If all is well, remove power and clean the 
flux off the rear of the board with flux 
cleaner or methylated spirits. 

Before proceeding with installation of 
the ICs onto the board it is advisable to 
check the data and address buss lines for 
shorts. Any shorts on these lines will 
prevent the board from operating and 
can make fault finding very difficult. An 
ohmmeter or small buzzer can be used to 
check for shorts. Place one probe on the 
first data or address line at the CPU 
socket (IC30) and touch the other probe 
across the remaining lines in turn. No 
continuity should be found. Move the 
fixed probe to the next line and repeat 
the process until all lines have been 
checked. 

Install 1C43 and 48 into their respect- 
ive sockets. Apply power to the board 
and, with the aid of a logic probe or 
CRO, verify that the 1 MHz clock 
appears at pin 38 of IC30 and pin 6 of 
IC41. 

Install the following ICs: 5, 13, 17, 18, 
19, 21, 28, 30, 33, 36, 37, 40, 44, 45, 46, 49 
and 50. The board now contains 
sufficient components to operate as a 
‘minimum component system’ with 1K 
of user RAM available from ‘0400’H to 
‘O7FF’H. The board can be operated and 
tested using a serial VDU with com- 
munications via the current loop. A 
serial VDU monitor in 2708 EPROM 
must be installed at IC16. If the 2716 
dual SBC monitor is to be used, the W6 
wire link field must be rewired, as 
illustrated in the wire-link diagrams. 
The SBC Monitor requires the keyboard 
to be wired to the parallel port at socket 
X5. 

The successful operation of the pro- 
ject at this point will indicate that all the 
internal data, address and control busses 
are without fault and you may proceed 
to install the on-board ports, extra RAM 
and the S100 buss buffers. 

If a serial VDU is not available, this 
intermediate test cannot be performed, 
so proceed to the next step. 

Install the following ICs: 6, 11, 12, 14, 
20, 22, 23, 24, 25, 26, 27, 29, 31, 34, 35, 38, 
39, 41, 42 and 47. The board is now 
complete and can be installed onto an 
$100 buss mother board. 

A ‘BINBUG’ 2708 Monitor can be 
inserted into IC16 to enable the use of 
the 640 VDU. If the dual SBC monitor or 
any other program in 2716 EPROM is to 
be used, ensure that the W6 link field 
has been rewired accordingly. 

The ETI-685 can now be tested on the 
$100 buss with additional RAM mem- 
ory. To verify that the system is fully 
operational, load and execute the RAM- 
TEST program given on page 18. 
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Next, you can install the PPI (IC32) 
and the PIC (IC7 — optional). Verify 
that the PPI is operational by loading 
and executing the PPI-TEST Program 
on page 18. Note that external hard- 
ware (an octal DIP switch and pull-up 
resistors) will be required to connect to 
the port under test. 


The Multibug Monitor 


The Monitor is a peripheral interface 
program, resident in non-volatile ROM 
or EPROM, which provides the user 
with a basic set of operating commands. 
This program is resident at address 
‘0000’H, and is executed by a CPU 
‘reset’. 

The ETI-685 can be operated with any 
monitor program which commences at 
address ‘0000’H. In most cases one of 
three monitors will be used. Firstly, 
there is the Signetics’ PIPBUG monitor 
(transferred into EPROM) for serial 
VDUs, then there is the range of 
BINBUG monitors (produced by 
MicroByte) for S100 memory-mapped 
VDUs and thirdly, the SBCBUG moni- 
tor. 

The SBCBUG is a 2716 2K single-rail 
EPROM containing two 1K monitor 
programs. The EPROM has been writ- 
ten to support either serial communi- 
cations or memory-mapped video ter- 
minals by selecting the appropriate 1K 
monitor. The EPROM-type link field is 
set up for a 2758 single-rail 1K EPROM, 
and the AlO address pin is wired to 
either 0 V or +5 V to select the 
required 1K monitor (see later). 


requirements. 


Name Address Nest Description 
AGAP 027D 3 
BIN 0224 3 
BOUT 0269 3 
CHIN 0286 3 
COUT 02B4 2 
CRLF 008A 3 
DLAY 039B 1 
DLY 039F 1 
FORM 0278 3 
GNUM 02DB 2 
INCT 00AB 1 
LINE 005B 3 
‘ routine. 
LKUP 028C 1 


STRT 00A4 


MONITOR SUBROUTINE SUMMARY 


The monitor is included in the microcomputer system to provide the user with a basic set of operating 
peripheral interface commands. Many of the program subroutines contained in the monitor can be 
incorporated into user programs, and their use will greatly simplify interface programming 


Outputs a carriage return and line feed to VDU. 

Produces a 1-bit delay at 300 Baud (approx. 3.3 ms). 

Produces a half-bit delay at 300 Baud (approx. 1.6 ms). 

Outputs three spaces (H' 20’) to the VDU. 

Places the next entry in the line buffer into R1 and R2. It ignores 
leading zeros and correctly interprets a 1, 2, 3 or 4-character entry. 
Adds the two-byte number stored at TEMP and TEMP + 1 to R1 and R2 
(with carry) and stores the two-byte result back in TEMP and TEMP + 1. 
Inputs up to 20 characters from the keyboard into the Line buffer. 
‘Delete’ is used for entry corrections and CR or LF terminates the 


Converts an ASCIl character in RO into a hex value in R3. Generates 
an error message if a character is not hexadecimal. 
Stores the number in R1 and R2 in TEMP and TEMP + 1. 


Both monitor programs have been 
styled on the BINBUG monitor and 
their commands are compatible to the 
BINBUG and PIPBUG monitors. The 
original PIPBUG monitor supported 
seven basic commands, each selected by 
a single alpha character, and these have 
been retained. The SERIAL MONITOR 
communicates with the VDU at 300 
Baud via the 2650 Flag and Sense pins, 
and contains a few new subroutines to 
erase the VDU screen and print a sign- 
on message. The MEMORY-MAPPED 
MONITOR differs only from BINBUG 
in the keyboard-in subroutine, which 
now utilises the on-board 8-bit parallel 
port. 


Monitor commands 

Following are the commands and their 

respective functions: 

A — Examine and Alter memory 
contents. 


B— Seta program Breakpoint. 

C — Clear a set breakpoint. 

D — Dump a block of memory to tape 
(300 Baud binary). 

G— Execute a program at a specified 
‘Go’ address. 

L— Load a tape file into memory. 

S — Examine (See) and modify the 


CPU registers. 


Now let us look in detail at each 
command and what it does. 


Examine and alter memory: This 
command provides the user with a 
means of displaying the contents of a 
specified memory location and altering p 


The following subroutine descriptions have been compiled to give the programmer a brief explanation 
of the function of each subroutine, details of the CPU registers affected and the maximum level of 
subroutine nesting achieved by each subroutine. The subroutines are listed in ‘name’ alphabetical 
order. The subroutines are only available in either the Serial or Memory-Mapped VDU Monitors. 


Outputs ‘the number in Register 3' spaces (H'20’). 

Inputs two hexadecimal characters from the keyboard and forms as 
one 8-bit byte in register R1. Serial monitor only. 

The byte in R1 is output in binary as two hexidecimal characters. 

An ASCIl character is input to RO from the keyboard. 

The byte in RO is output as an ASCII character. 


Computer Reference Guide 


COMPUTER REFERENCE GUIDE 
SOFTWARE HANDBOOK 


e Are you currently investigating 70 major manufacturers? 
minicomputer, medium-scale e In addition would you like to review 


computer or microcomputer system? over 1000 additional software 

e Do you need to know what are the packages from independent vendors? 
latest computer models from over e Alternatively, do you already own a 
70 different manufacturers currently computer system and wish to review 
operating in Australia? many currently available software 

® Do you need to know what software packages? 


products are available from these 


Then Computer Reference Guide’s SOFTWARE HANDBOOK is for you 
1982; 341 pgs; $25.50 


MICROCOMPUTER OPERATING SYSTEMS 
by M. Dahmke 


IBM’S PERSONAL COMPUTER 
by Que Corp. 


The first book of its kind, Micro- 
computer Operating Systems 
reveals exactly how computer 
operating systems translate your 
commands into the desired actions. 
This book will help you evaluate 
microprocessors, create your own 
limited development systems, 
understand larger systems with 
terminals and disk storage, and 
design command languages. 


This book about IBM’s new 
Personal Computer will be help- 
ful to business managers, com- 
puter professionals, and pros- 
pective buyers of the Personal 
Computer. Written to be clearly 
understood by non-technical 
persons, but crammed with all 
the detail a professional needs, 
this 320 page bestseller offers 
an opportunity to learn where 
the IBM Personal Computer 


fits among the many personal . 
computers now available. 1982, 320pgs; $19.95 


1982 227pgs $25.05 
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Please mail this coupon or a copy to: 

MICROCOMPUTER DISK TECHNIQUES ! I 

| COMPUTER REFERENCE GUIDE 
P. Swanson | Suite 204, 284 Victoria Avenue 
More than just another disk manual, Microcomputer Disk Techniques l Chatswood NSW 2067. Ph: (02) 419 3277 | 
will help the microcomputer user squeeze every bit of use out of a disk | | would like to order the following titles: | 
system. The author shows how sophisticated methods used on larger 
computers may be implemented on a personal computer. TITLE QUANTITY COST | 
1982 234pgs BOG SS 0 icccekciatitastaeicepaewe  “Searet wide I 

D  Uscuaeherdicneareradenes. Shes. ‘wera! I 

; I 
VIC INNOVATIVE COMPUTING oo | 
by Clifford Ramshaw | I 
This book makes available 30 excellent games including their Postage & Handling: l 
complete listings as well as program structures. Clifford Ramshaw $3 for the first book & $0.50 for each | 
is recognised as one of the most creative programmers of computer | additional book. TOTAL aaveccags as aaes ] 
games in Vic Innovative Computing; he has opened new dimensions l | 
in using your standard VIC 20. BY INES 5a corstcctray gta cc da rent trees eehuatig na ces Aiton acteratetied vents | 
1982 149 pgs $17.95 SM OSS occ, See BS Bs oroncceante rst IIS Oe Aiwceininca pice Bah ahAceiet ] 
Three cassettes are also available in conjunction with the book. | esq Mele Sasha isan eica tao ce Giada nae Postcode........ l 
Each cassette contains seven games from the book and is priced at | 
$20.50 including postage and handling. D TOOPNONE! aoas taccsxsxeimms reseed sas cemlewngnciecassyuewAnee ] 


SS ee ee ee ee eel 


15 


Project 685 


the current contents if necessary. It 
contains an automatic address in- 
crement facility and may be used to load 
a program into consecutive memory 
locations. 

This command is also used to examine 
the contents of memory following a 
program execution or breakpoint. The 
automatic address 
can be used to display the contents of 
consecutive memory locations. 

Command format: Axxxx< 

xxxx is the hexadecimal address of 
the memory location for display. Ad- 
dress leading zeros may be omitted. 

Following the execution of this com- 
mand by the entry of the ‘carriage 
return’ key (shown thus ‘<’), the mem- 
ory address and its contents will be 
displayed in the following format: 

XXxXx...ZZ...[] 

zz is the current contents and [] 
represents the cursor location. To alter 
the memory contents, key in (in hex.) 
the required data. Leading zeros may be 
omitted. If no data is entered before a 
carriage return (CR) or line feed (LF) 
the contents will remain unaltered. 

To examine the next memory location 

(auto address increment) enter a line 
feed. To exit from this command enter a 
carriage return. 
Set breakpoint: A program 
breakpoint is primarily used during 
program fault finding (debugging) to 
terminate the execution of a program at 
a predetermined location. When the 
breakpoint is encountered, control is 
returned to the user, who is then able to 
use the other monitor commands to 
examine the microprocessor’s internal 
registers or the program’s memory lo- 
cations. 

Only one program breakpoint can be 
set at a time. 

Command format: Bxxxx< 

XXxx is the hexadecimal address of 
the first byte of the program instruction 
at which the program ‘break’ is required. 
Leading zeros may be omitted. 

The breakpoint program operates by 
altering the contents of the program 
memory and cannot be used on pro- 
grams which reside in ROM or EPROM. 
Two bytes of program data are replaced 
with ‘9B’H and the previous data is 
saved in reserved locations in the 
monitor’s scratchpad RAM memory. 
When the breakpoint is encountered the 
original data is returned (auto-clear) to 
the program and the contents of the 
microprocessor’s internal registers are 
saved in the monitor’s scratchpad RAM. 


Clear breakpoint: This command is 
used to erase a pending program 
breakpoint. The previous program data 
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is returned and the breakpoint flag reset. 
If no breakpoint exists the monitor’s 
error message is displayed. 

Command format: C< 

The user should note that the moni- 
tor’s RAM memory is cleared following a 
processor reset and any program data 


stored there due to a pending breakpoint. 


will be lost. 


Dump to tape: The DUMP command 
provides the user with a means of saving 
programs on audio-quality magnetic 
tape. The SBC monitor outputs binary 
data at 300 Baud in the same format as 
the popular BINBUG monitor. This 
format is approximately six times faster. 


Memory Sector (K) 


ON OO WH = 


2650 MEMORY ADDRESS ASSIGNMENT TABLE 


Starting Address 
0000 
0400 
0800 
ocoo 


than the original Signetics PIPBUG 
routine and represents the best compro- 
mise of speed and reliability. A suitable 
frequency shift keyed cassette tape 
interface must be connected to the serial 
port on-board. 

Command 
eeee< 

ssss is the start address of the block 
of data to be saved. 

ff ff is the finish address of the block of 
data. 

eeee is the optional auto-start pro- 
gram entry address. 

The output format consists of a leader 
of 32 nulls, a ‘:’ header, a four-byte start 
address, a two-byte block length, a two- 


format: Dssss-ffff- 


Ending Address 
O3FF 
O7FF 
OBFF 
OFFF 


1. Caution should be exercised when attempting program flow across page boundaries (shown thus 
‘~---'). Refer to the Signetics 2650 Microprocessor Data Manual. 

2. The 2650 Monitor resides in the first 1K sector (0000-03FF) and uses the next 64 bytes of RAM 
(0400-043F). User RAM commences at 0400. 
3. The ETI-640 VOU resides in the 2K address sector 7800-7FFF. 

4. The 2650 Disk Operating System (DOS) resides in the 2K address range 6800-6FFF and uses 2K of 
RAM at 7000-77FF. 


PORT CONNECTOR PINOUT DIAGRAMS 


SERIAL PORT 


CURRENT LOOP Tx + 
CURRENT LOOP Ax + 
CURRENT LOOP Tx - 
CURRENT LOOP Rx - 


AS-232C Tx 
AS-232¢ Ax 


eoo0o0o0o0g00 
o0000000 


16-PIN DIP 


PPI PORT A.B AND C 


OATABITO 
DATA BIT? 
OATA BIT 2 
DATA BIT3 
DATA BIT 4 
DATA BITS 
OATABIT6 
DATA BIT7 


ooo 00000 
O00 00000 


16-PIN DIP 


PARALLEL PORT (KEYBOARD) 


DATABIT7 1 
DATA BIT6 
DATA BIT5 
DATA BIT 4 
DATA BIT3 
DATA BIT 2 
DATA BIT1 
DATA BITO 


o000 0000 
o000 0000 


9000000000 


AS-232 Tx 
RS-232 Rx 


[ome] 
nN 
eo0o000000000 


DATABITO|O 
paTaBit1 |O 
DATABIT2 |O 
DATABIT3/O 
paTaBiIT4|O OO 


° 
co] 
° 
9° 


10-PIN FRC 


PORT CONNECTOR PINOUT DIAGRAMS 


byte SOT checksum, the data block and 
the block checksum. As the data block 
has a maximum length of 256 characters, 
the above process is repeated as often as 
necessary until the end address is 
reached. 


GOTO (and execute): The GOTO 
command instructs the processor to 
execute the program at a_ specified 
hexadecimal address. 

Command format: Gaaaa< 


aaaa is the hexadecimal program 
execution address. Leading zeros can be 
omitted. 

This command utilises the monitor 
‘line’ subroutine to input a line of up to 
20 characters into the ‘line buffer’. As 
only five characters are used by the 
command, a further 14 characters may 
be entered (following a delimiting 
‘space’) to pass additional parameters to 
the executing program. 


Load from tape: The LOAD comniand 
is used to read back a binary data file 
from tape which has been recorded using 
the DUMP command, or an identical 
output format. The program extracts 
the start address from the data file and 
performs CRC checking. The tape load 
will be aborted and the monitor’s error 


2708 MULTI-RAIL 1K (AS ETCHED ON THE PC) 


moun 9 0 9 


EPROMA 2 ° 
° 4 ° 


2758 (OR HALF 2716) SINGLE-RAIL 1K 


FOR SBC MONITOR ON 2716 


A: FIAST 1K AS MONITOR 


B: SECOND 1K AS MONITOR 


the $100 monitor). 


$o $5 & °° 


$6.25 bs eG 


THE 8100 MONITOR FOR ETI-640 TYPE VDUs. 


EPROM TYPE SELECTION FIELD (W6) 


LINKING FOR THE MULTIBUG MONITOR ROM (V1.1) 


The Multibug monitor EPROM is a single + 5 V EPROM containing two 1K monitor programs which have 
been developed for the ETI-685 from the popular BINBUG monitor. This EPROM contains in the first 
1K a monitor to interface with 300 Baud serial video terminals and in the second 1K a monitor to 
interface with S100 buss memory-mapped VDUs (such as the ETI-640). The required monitor program 
is selected by setting the EPROM’s A10 address line to either 0 V (for the serial monitor) or +5 V (for 


To use the 2716 EPROM the W6 link field must be rewired from its ‘etched’ linking, which has been 
preset for multi-rail 2708 EPROMs. Three links must be broken and the adjacent links closed; all other 
links can be left ‘as etched’. The 2716 EPROM must only be inserted at IC 16. 


The $100 Monitor uses the X5 parallel-in-port connection to interface to a standard parallel keyboard 
which produces a positive strobe. The port ‘enable’ line can be tied direct to 0 V and the keyboard 
should not draw more than 50 mA from the +5 V supply. A ‘Break’ function using the CPU Sense line 
can be used if the top half of the W2 link set is rewired (break 1-2 and close 2-3). 


2650 sbe for S100 


message displayed if a CRC error is 
detected. 

Command format: L< 

At the completion of an error-free load 
the program checks the end of the data 
file for an auto-start address. If an 
address is found the program will direct 
the processor to execute the program at 
that address. If no address is found the 
monitor will respond with the ‘*’ prompt 
message. 


Examine (See and alter) CPU 
registers: This command is primarily 
used in conjunction with program 
breakpoints during program fault find- 
ing. Program breakpoints can be used to 
obtain a ‘snapshot’ of the program and 
the microprocessor’s status immediately 
prior to the execution of the instruction 
at the breakpoint address. 

This command is used to display the 
contents of any of the CPU’s seven 
internal registers and two program 
status words following the execution of a 
program breakpoint. It also permits the 
user to alter the contents of any of these 
registers and resume program execution 
using the G command. 

Command format: Sn< 

The number ‘n’ (valid in the range 0 to 
8) is used to select the particular register 
for display. > 


2716 SINGLE-AAIL 2K 
o 8 
° 
° 8 
° 
TMS2716 MULTI-RAIL 2K 
o 8 8 
° 
08 8 
° 


Break the links marked thus % 


Close the links marked thus (© 


Link A to B for the serial monitor 
Link B to C for the $100 monitor 
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0 = register 0 The user may alter the displayed 
1 = register 1 bank 0 register’s contents by entering a two- 
2 = register 2 bank 0 character hexadecimal number before 
3 = register 3 bank 0 entering a CR or LF. To display the next 
= ; bank register (auto increment) enter a LF. To 
4 = register 1 bank 1 : : 
es exit from this command, enter a CR. @ 
5 = register 2 bank 1 
6 = register 3 bank 1 
7 = Program Status Word Upper 
8 = Program Status Word Lower 
tk MEMORY TEST FROGRAMME 3% 8255 PRL TEST PROGRAMME. 
i i" : ; 
te Execute bw keying G440_SSSS.FELE tkExecute bu entering °G500" 
es $885. FEL he 
* ‘ 
tPORTA = EQU H* 00" 
tEBUG = EQU H/001D¢ 
inde EQU #0022" {PORTB = EQU HO! 
SCRLF ss EQu ‘0025 tPORTC EQU H‘02/ 
tzouT = Eu H‘002A’ Pie cou wos 
tGast EAU H‘00A1 : 
?BOUT —_—EQU H'0269" TERUG = EQU H’001D¢ 
tFouT «EU H’0279° tMBuG EQU 4’ 0022 
3GNUM ss EQU HODDER’ tzouT = EAU H‘002A° 
1” tBouT Eu H/0269° 
3 TEMP Eau H/040D’ Start Address Pointer SOUT eau Heonse: 
, ; ; nan, kay: : 
alti EQu H‘O40F End address rointer {COUT EQU H’ODB4‘ 
: j te 
ORG H/0440 : —_ W-0S00° 
: 3e rr] 
pee oan ee popyene 02 pane far ecs Rel 0500 0480 vINIT LODI*RO H’80‘ AIL rorl outrat 
0443 76400 PPSU FLAG Set fled o5o4 20 EORZ-RO ReGen eR 
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044A 9905 : BCFR+EQ CONT Not 0400-4FF hlock o508 aoe ; erhe ce READ+ 
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0454 CDO4OF = STRAPR1 TEMQ End Add. in TEMQ : 7 eines Hata: Chuntee 
0457 20 : EORZ»RO Hex ‘00° SESE. CODIORS: 08! toa ee. 
045B CCO40E STRA+RO TEMP +1 Only 256 byte blocks : et aa Ceci ee she ion Ce 
O45R CCO410— 3 STRAYRO TEMO#1 SURETE! ¢ WRITES Bee nse 
tePrint Address block to test READ REDE +RO PORTA pred data breve 
7 : enh comprare 
O45E BRAS 2BLOCK ZBSR  ¥*CRLF New Line : edie canoe Pen canes, 
0460 oD040D LODAPR1 TEMP High Add. bute : BERRI er et eit 
0463 3F0269 3 BSTAPUN BOUT j : i feiss 5 
0466 ODO40E LODAyR1 TEMP+1 Low Add. bute : BORRyRS WRITE aut Lines Lien 
Q469 3F0279 Hy BSTAsUN FOUT BOUT with 3 sraces On1A FA7O ‘ BORReR2 TEST oor 266 Limes 
04460 20 jeteat * aoe block t LODR*Ri WRITE+1 Fetch currect Port 
o46n C2 3 BTRZ+R2 Clear index ; COMPA] FORTG=1 0 AL hort G sel 
O46 CEE40D 1WRITE = STRAPRO ATEMPOR2 Fill block : BETATG TEND ee ES ca 
0471 404 : ADDIrRO O1 : ; ADDIrR1 O1 Noir ert PO Meus 
0473 4601 : ADDI»R2 O1 next 0805 CI6A : STRRrRL WRITE+1 luaded 
0475 9877 : BCFR+Z WRITE till 1°00" One? E766 : pee eeare contenant 
0477 FEE40n {READ  COMAPRO #TEMPYR2 = Read back Oe ARO ae aie a te te 
047A ADs I BCFR»EQ ERROR ; Per rant the FFI OK message LAG 
O47 401 : ADDIrRO 01 Ze00 LENG pre ered brine Cte 
O47E 8601 : ADDI*R2 O1 next A OU 1 Se Ac Ft 
eae ‘i ‘4 g bcp tf io -_ 2 Mi whe 
0480 9875 te BCFR»eZ READ till H’00 cH oH aA Yet Last buble is sero 
048? A901 ' ADDI»RO 01 Increment for atl OF3t) BEAR ; ZBSR *ZOUT Ril sleeba 
0484 yRAB : HCFReZ WRITE date combinations O%57 TB74 3 HCTROUN FRINT Looe 
* O53F TOUOAPL0 tTEXT TATA A‘FFI OK’ ?0 
OAKS 044E sOK LODI»RO AO" 2kP pint the error message 7 : : 
0488 BAA : ZBSR «ZOUT Print "O° 0540 C2 SERROR = STRZ+R2 Save Pungei value re Ae 
O4BA 0448 t LODYsROUAcK? 0041 0848 : LODRPRO STARTHL = Fetch rork value 
O48L) KHAA 1 ZBSK 0 XZOUT Print Ke On4a A441 : ADDIPRO WH’ 41" Convent: bac ALrli 
teTest for End Address OU4U RBAA : ZBSR 42Z0UT Eran n ants 
OBE, OLlO4OD st LODA,R1 TEMP 0547 3FO27B BSTA*UN FORM 
0491 EDO4OF = 3 COMAeR1 TEMA O54A 3F0279 = 3 BSTA®UN FOUT Print written value 
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Interfacing with the ETI-685 
2650 $100 computer board 
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Five ports have been supplied on the ETI-685 processor 
board to provide the user with a wide variety of input- 
output interface possibilities. Two of these ports are fixed 
in format, one is serial for interface to a printer, serial VDU 
or modem, and the other is a parallel-in port for use with a 
keyboard. The other three ports, A, B and C, supported by 
the PPI, are user-programmable. 


PROGRAMMABLE peripheral inter- 
face devices (PPIs) are being used 
extensively these days in micro- 
computer-based equipment because of 
their relatively low cost and interface 
flexibility. Several standard TTL inte- 
grated circuits (such as latches and tri- 
state buffers) can be used for I/O inter- 
face, but when they have been designed 
into a piece of equipment there is no way 


that the interface function that they 
provide can be altered. The use of 
programmable devices, such as PPIs, 
can reduce this problem and, as more 
ports are concentrated in the one device, 
circuit complexity and chip count is 
reduced with a resulting reduction in 
cost. 

The PPI was included on the ETI-685 
to provide the user with valuable hands- 


3" 
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Ron Koenig 


on experience in the use of these modern 
devices. The purpose of this article is to 
provide the user with a basic under- 
standing in the use of the 8255 PPI and 
to illustrate, with a few simple experi- 
ments, its use on the ETI-685 processor 
board. These experiments will require 
the construction of a few ‘basic’ inter- 
face circuits. > 
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8255 PPI description 

The 8255 PPI is a 40 pin, large-scale- 
integrated circuit (LSI) device which 
was designed to interface between the 
8080 eight-bit microcomputer and an 
external input or output peripheral 
device. The PPI is a general purpose 
programmable I/O device with 24 I/O 
pins supported by three 8-bit ports, and 
these 24 pins can be programmed to 
operate in a large variety of interface 
configurations. 


PA3 
PAQ 
PAY 
PAg 
RO 
ts 
GND 
Ay 
Ag 
PC? 
PC5 
PCS 
PCa 
Plo 
PCY 
PC2 
PC3 
PBo 
PBy 
PB2 


1 
2 
3 
4 
5 
6 
7 
8 


Figure 1. 8255 PPI Pin Configuration. 


Each of the three ports of the PPI (A, B 
and C) has been manufactured with 
special features to enhance the PPI’s 
interface capabilities. 

Port A contains one 8-bit data latch- 
buffer and one 8-bit data input latch. 

Port B contains one 8-bit input and 
output latch-buffer and one 8-bit data 
input buffer. 

Port C contains one 8-bit data output 
latch-buffer and one 8-bit data input 
buffer (no latch). This port can be 
programmed into two 4-bit ports, where 
each port contains a 4-bit latch. These 
4-bit ports can be used in conjunction 
with Port A and B for control signal 
outputs and status signal inputs. Also, 
special command words can be used to 
set or reset any of the eight Port C bits 
independently. 

Any of the eight Port B and C output 
buffers can source 1 mA at 1.5 V to 
directly drive Darlington-type power 
transistors. No output should be shorted 
directly to 0 V (ground) or +5 V (Vcc). 


20 


Mode 0: This is the basic I/O mode in 
which each control group of 


Programming the PPI 


The functional configuration of each 


port is programmed by the system 12 I/O pins can be programm- 
software writing a control word into the ed in sets of four and eight to 
control resistor. This command word be inputs or outputs. 

sets up the PPI’s internal data buss, and Mode 1: This is the strobed I/O mode 
the read/write control logic issues the in which each group of 12 1/O 
appropriate commands to the Group A pins may be programmed to 
and Group B control blocks. The Group have eight lines of input or 
A control sets up Port A and Port C output, with the remaining 
upper, and Group B Control sets up Port four pins in each group being 
B and Port C lower. used for handshaking and 

There are three basic modes of interrupt control signals. 

operation of the PPI, which are selected Mode2: This is a strobed bidirectional 


by writing a control word into the 
control resistor. 


buss I/O mode where the eight 


ar tals (37-40, 1-4) 


CONTROL 


vo 


exe PC) PCa 


(10-13) 


DATA 
07-09 BUS 
(27-34) BUFFER 


8-BIT 
INTERNAL 
OATA BUS 


mp 703.00 


(14.17) 


GROUP 
B v0 
CONTROL PB7-PBg 
(18-25) 


NOTE. APPLICABLE PINOUT NUMBERS 
ARE INCLUDED WITHIN 


POWER PARENTHESES 


Figure 2. 8255 PPI Block Diagram. 


ee 


Figure 3. Mode Definition Summary Tabie. 


pins of Port A form a bi- 
directional I/O buss and five 
pins from Port C are used for 
handshaking. The remaining 
three Port C pins can be used 
with bit-set/reset commands, 
and Port B can be configured 
as either Mode 0 or Mode 1. 


The mode definition control word is 
generated from the chart above. 


Interrupt control 
facilities 


When the PPI is programmed to operate 
in Mode 1 or Mode 2, control signals are 
generated that can be used as interrupt 
request inputs to the CPU. These 
interrupt request signals are provided 
at the Port C PCO and PC3 pins and can 
be enabled or inhibited by resetting or 
setting the appropriate INTE flip-flops 
with bit-set/reset commands. These 
‘mask’ flip-flops are automatically reset 
when a new control word is loaded into 
the PPI, and following a device reset. 
Alternatively, the condition of these 
signals can be determined by software 


Bidirectional 


Bidirectional 


{Mode 0 or Mode 1 only) 


Port C bit 
affected 


Control word 


Figure 4. Bit Set/Reset Control Word Table. 


Mage NS es PORTA PORTC MODE PORT B: PORTC 
FLAG: 1= INPUT (UPPER): SELECTION: 1= INPUT (LOWER): 
ae ACTIVE MODE SELECTION: O=OUTPUT 1=INPUT O=MODEO = QUTPUT _1= INPUT 
ACTIV : O- OUTPUT . 1+ MODE 1 o= OUTPUT 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 cahiee 
GROUP A 
Mode definition control word format. 
(polled mode) by reading Port C and Single bit set/reset 


testing the appropriate bits. 

On the ETI-685 the two Port C 
interrupt request bits (PCO and PC3) 
appear at the wire link field W4 as ‘A’ 
and ‘B’ respectively. These signals can 
be wired to any of the eight vectored 
interrupt lines V10 to V17 of the 
vectored interrupt controller, IC7. Full 
interrupt status between the PPI and 
the CPU can be established by the 
appropriate initialisation and_pro- 
gramming of the programmable inter- 
rupt controller (IC7). 


Any of the eight bits of Port C can be set 
or reset independently using the bit set/ 
reset feature. The table above 
provides a list of the ASCII words to be 
written into the control register to set or 
reset the appropriate Port C bit. When 
Port C is being used to provide status 
and control signals for Port A and Port B 
during Mode 1 or Mode 2 pperation, the 
bit set/reset feature can be used to 
provide software control of these 
hardware interface signals. e 
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Interfacing with the 


ETI-685 2650 $100 
computer board 


Part 2 


How to make use of the flexible interfacing provided on 
this board, which employs the 8255 programmable 


peripheral interface chip. 


The PPI in Mode 0 
operation 


For the moment, let us examine the 
8255 PPI in its ‘simple’ Mode 0 format. 
You will recall from the previous article 
that when the PPI is operating in Mode 
0 all three 8-bit ports (A, B and C) are 
available for data transfer. In this basic 
mode there is no ‘feedback’ between the 
microcomputer and the external device. 
The peripheral device must therefore be 
ready at all times to supply the data 
that is required by the computer, or to 
receive the data that is being sent to it. 

A form of handshaking can be estab- 
lished by allocating several data lines 
from one of the ports and generating the 
required interface signals under pro- 
gram control. Typically, this function is 
performed by data lines from Port C, 
where the Bit Set/Reset feature can be 
used to activate individual bits quite 
simply. 


In summary, Mode 0 provides the fol- 
lowing features: 


© Two 8-bit ports (A&B) and two 
4-bit ports (from C). 


® Any port can be configured as an 
input or an output. 


© All outputs are latched. 


e All inputs are not-latched. 


There are sixteen different I/O config- 
urations for the two 8-bit and two 4-bit 
ports for Mode 0 and these are sum- 
marized in Table 1. The PPI is program- 
med for one of these configurations by 
writing the appropriate hexadecimal 
‘control word’ into the PPI’s control reg- 
ister at the start of each program. 
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16-PIN DIP SOCKET 


8-SWITCH 
DIP 


Circuit for experiment No. 1. 


Group B 
Port C (L) 


Table 1. Mode 0 Control Word Summary. 


A simple construction on matrix board allows you 
to try out experiments 1 and 2. 


The following simple experiments 
have been developed to illustrate the 
programming and use of the PPI in 
Mode 0, and to assist in understanding 
each program full source listings of each 
program have been provided. All pro- 
grams have been written using a simi- 
lar ‘structure’. An ‘initialisation’ section 
at the beginnning of each program loads 
the appropriate hex control word into 
the PPI’s control register and pre- 
conditions the required CPU registers. 
The second section contains the main 
program, and a third section (if 
required) contains any subroutines re- 
quired by the main program. All pro- 
grams have been written in standard 
Signetics 2650 Assembly Language 
mnemonics using the Microbyte 2650 
ASSEMBLER. 


Requirements 


To evaluate the operation of the PPI 
with these programs you will first have 
to construct the following two interface 
circuits. The first, a data monitor, con- 
sists of eight transistor buffers and eight 
LEDs. The second is a data input switch 
consisting of an octal DIL switchpack 
and eight pull-up resistors. 

Each circuit is connected to the 
appropriate PPI port by a 16-way flat 
ribbon cable. The original circuits were 
assembled on a ‘solderless breadboard’ 
and then permanently constructed on a 
section of ‘stripboard’. Permanent con- 
struction is advisable as these test 
circuits will be very useful for de- 
bugging your own programs later. > 


KEYBOARD DISPLAY PROGRAM 


3x 
3k 
3x 


Execute 


with GS00< 


*kMonitor Subroutines used? 


+ MBUG 
sCHIN 


EQU 
EQU 


H’0022’ 
H’0286’ 


ikDefined Constants 


sESC 
sFORTA 
SCNTRL. 
3K 


0480 
» 1403 


NIT 


3FO0286 
400 
E41B 
100022 
1874 


TRT 


END 


be oe Fo OF Oo 04 06 oe 44 Oe Oe 40 oe oe oe 


5 ad 


00 ERRORS DETECTED 


0500 04 80 [4 03 3F 


EQU 
EQU 
EQU 


ORG 


L.ODT»RO 
WRTE »RO 


x 
xkReacd Keyboard 
=} 


BSTA*UN 
WRTE » RO 
COMI »RO 
BCTAYEQ 
BCTR»UN 


HY 2B? 
H’0O’ 
H‘03’ 


x 
kKInitialise the FFI Control 
I 


H’ 80° 
CNTRL. 


and Write to 


CHIN 
FORTA 
ESC 
MBUG 
STRT 


02 86 D4 00 E4 1B 1C 00 


Monitor return 


Read keyboard into RO 


Fort A Resister 
Control Resister 


address 
address 


Register 
AyB and C Out Mode 
Write to Control Res. 


Fort A 

Fetch K’bd character 
Diselay on LEDs 
Check if ‘ESC’ 
Exit if true 
else loor to start 


Key 


22 1B 74 


RUNNING LEDS PROGRAM 


3K 
3k 
7K 


2k Monitor Subroutines 


3MBUG 
sDLAY 


Execute 


EQU 
EQU 


with G500< 


used3 
H’0022’ 
H’039B’ 


tkDefined Constants 


sFORTA 
sFORTE 
sCNTRL 
xk 


I 
N 


0482 
T1403 
7700 


0708 
0580 
IiS00 
5601 
3FO39B 
FA7B 
12 
9E0022 
Si 
FR70 
1B6A 


END 


OO Oe 00 20 40 Oe Oe oe te 0 Oe Oe oe Oe Oe te oe be oe te oe 


MMH 


00 ERRORS DETECTED 


0500 04 82 [4 03 77 00 07 08 0S 80 IS 00 56 O1 


0510 9B FA 7B 12 9E 00 


EQU 
EQU 


EQU 


ORG 


nitialise the 


LOLI »RO 
WRTE sO 
FPSL 


LODI +3 
LODI+Ri 
WRTE » Ri 
REDE» R2 
BSTA*UN 
BORK + R2 
SFSU 
BCFA»N 
RRR» Ri 
BIRR» R3 
BCTR»UN 


H’00’ 
H’‘O1’ 
H’03’ 


H’0S00’% 


FFI Control 
H’82’ 
CNTRL 
H’00’ 


H’ 08’ 
H’ 80’ 
FORTA 
FORTB 
DLAY 
WALT 


MBUG 


LOOF 
STRT 


22 51 FB 70 1B 6A 


Monitor return 
BINBUG and MULTIBUG 


Fort A Redister address 
Fort B Restister address 


Control Resister address 


Resister 

A and C Outy 
Write Control 
Clear carry 


B Im Mode 


Count 
Set bit A7 
Outrut to Fort A 
DLY loof number 
Delay 
till R2 is zero 
Test for the BREAK key 
Exit if orerated 
Shift Right bit set 
to end of byte 
Loor back to start 


3F O03 
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The power for these, and the following 
interface circuits, is not derived from 
the CPU board. This is to prevent any 
accidental short-circuits from damaging 
the CPU or the programs stored on- 
board. A separate dc power supply or 
suitable plugpack is recommended. 


Experiment No. 1: 
Keyboard display. 


This program displays the binary code 
of each character entered from the key- 
board on the LED data monitor con- 
nected to Port A. The program is started 
by keying G500:returm and terminated 
by the entry of the ‘Escape’ key. 

When you have the programs going, 
try experimenting by altering the pro- 
gram to output the data to Port B and 
Port C. The byte to change is located at 
address 0508. Observe the output from 
Port C if you change the mode control 
word at address 0501 from 80 to 81 and 
88. 


| made this hex keypad from an old calculator 
board — it’s cheap, simple and effective! 


Experiment No. 2: 
Running LEDs. 


For this experiment, Port A and Port B 
are used concurrently, with the PPI 
programmed for Port A as an output and 
Port B as an input. The program pro- 
duces a moving point of light on the data 
monitor at Port A, moving at a speed 
determined by the binary value read in 
from the data switch at Port B. The 
program is started by keying G500cre- 
turm, and terminated by the operation 
of the ‘Break’ key. 

This program can be used as the basis 
of the game ‘Shoot’. The object of the 
game is to shoot down a flying target (in 
this case the LED) as it passes the 
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16-PIN DIP SOCKET 


Circuit for experiment No. 2. 


Circuit for experiment No. 3. 


PORTA 
16-PIN DIP SOCKET 


PORT B 
16-PIN DIP SOCKET 


centre of the display. Modify the pro- 
gram to test for the operation of the 
Break key after each movement of the 
LED. If the Break key is found to be 
operated when the LED is at position 5 
(PA3) then turn off the LED and termi- 
nate the game. If the LED is not at posi- 
tion 5 then turn that LED on also (i.e: 
use the Inclusive-OR instruction) so 
that there are now two LEDs as targets. 
The data switch connected to Port B can 
be used as a ‘skill switch’ to increase the 
speed of the target. 


Experiment No. 3: 
Hex keypad. 


The hex keypad program has been 
developed as a practical application of 
the basic ‘scanning’ program used in Ex- 
periment No. 2. In this application the 
moving pulse (which we saw as the run- 
ning LED) is used to strobe the columns 
of a 4-by-4 (16-key) matrix. The hex 
keyboard’s rows are read into Port B 
each time the strobe position is changed 
and tested to determine if a key is 
operated. When a key is found operated 
its position is calculated from the cur- 
rent column and row position, which are 
known to the program, and the hex 
value determined is printed on the 
VDU. 

The program is started by keying 
G500<returm and is terminated by the 
operation of the ‘Break’ key. The pro- 
gram can be modified to scan a full 64- 
key keyboard and to act as a self- 
contained subroutine. The hex keyboard 


You can substitute a standard hex keypag, like 
this one, for the Jerry-built one | used. You'll still 
need pull-up resistors. Eight pins on the back will 
be marked ‘1’ to ‘8’. Pins 1 to 4 connect to pins 1 to 
4 of Port A. Pins 5 to 8 on the keypad connect to 
pins 1 to 4 of Port B. 


HEX KEYBOARD PROGRAM 


Execute with G500< 


3k 
3k 
3k 
2x 


Scans a Hex Keyboard comnected to Port A and Fort 
of the FFI and returns with a Hex. 


value im RO. 


*kMonitor Subroutines used? 


>MBUG 
3FOUT 


EQU 
EQU 
EQU 


EQU 
EQU 
EQU 


H’00’ 
H’O1’ 
H‘03’ 


ORG 


FPSL 2 
FPFSU FLAG 
LODI»RO H’82’ 
WRTE*RO CNTRL 
SPSU 
BCFR»N 
EORZ*RO 
STRZ*R1 
REDE »R2 
ANDI »R2 
BCFRyZ 
LODI+R3 
WRTE »R3 
REDE sR2 
ANDI +R2 
BCFR+Z 


START 
EXIT 


FORTE 
H’ OF’ 
WAIT 

H’O1" 
FORTA 
FORTE 
H’ OF’ 
CODE 

H’O1’ 


RRL + RS 
COMI +RS 
BCTR»GT 
BCTReUN 
x Calculate key 
CODE 


H‘08’ 
START 
SCAN 


RRR» R2 

COMI»R2 
BCTR»GT 
ADDI +R1 
BCTR»UN 
ADDZ»R1i 
STRZ*R1 


H’10° 
VALUE 
H‘04’ 
CONE 

VALUE 


H’ 0022’ 
H’0279° 
H’‘039B’ “ " 7] 


BINBUG and MULTIBUG 


H’0S00° 


Logical compare 
Set flag 


Set Port A outeuty 
Test for Break key 
Exit if orerated 
Clear registers RO 
and Ri 

Check keyboard status 

Mask out tor byte 
Wait for key released 
Select first column 

Strobe column 

Read rows for key 

Mask out tor byte 
Ney down if mot zero 

Inet. Col Weishnt (01702703%04) 
Select next column 

Last column? 

Yes» start adain 

Noy continue scan 


Boinkut 


down 


code value 


Shift row bit to determine 
which key inthe row is actuated 
Row weighting in Ri» else 
Inct. Row weight (00704708%0C) 
Loor till BO to B3 zero 

Form key code 


The above line would be rerlaced with RETC»UN 


x 
x Hex "17"» 
x 


and the followings lines deleted if 


this rrodgramme is to be used as a subroutine. 


0531 
0534 


3F0279 
1B52 


BSTA»UN FOUT 
BCTR*eUN START 


’ 
3 
* 
3 
* 
; 
* 
3 
: 
: 
‘ 
$ 
+ 
3 
: 
3 
+ 
$ 
+ 
3 
+ 
3 
+ 
: 
* 
: 
* 
H 
* 
$ 
+ 
3 
¢ 
3 
: . 
3 ADLI »RO 
¢ 
3 
+ 
H 
+ 
: 
: 
3 
’ 
3 
* 
3 
+ 
: 
* 
3 
’ 
3 
‘ 
3 
* 
3 
: 
3 
: 
: 
: 
3 
: 
: 
$ 
* 
; 
: 
3 
* 
3 


x 
0536 9B22 EXIT ZBRR MBUG 


Hexadecimal Keyboard Listing. 


0500 77 02 
0510 OF 98 
0520 E7 08 
0530 Ci 3F 


76 
7A 
19 
02 


40 04 
07 O1 
64 1B 
79 1B 


82 
17 : 
6F 52 


S2 


used for this experiment may be pur- 
chased, built from individual keys and 
hand-wired or constructed from a dis- 
carded calculator. 


Next to come 


Our next article describes a 2716 
EPROM programmer which connects to 
the three ports of the PPI. The circuit for 
the programmer consists of only one 
TTL IC and two voltage regulators. A 
full source listing of the program to 
read, program-and-verify 2716 EPROMs 


Frint key value and TAB 
Loor around forever 


Return to monitor 


20 C1 
98 09 
85 04 


56 O1 46 
84 01 13 
1B 77 81 


will be supplied and, for this pro- 
grammer, the software provides all the 
timing signals (only a multimeter is 
required to set up the circuit). e 
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Project 686 


PPI-based EPROM programmer 


Here is a real application for the programmable ports 
provided on the ETI-685 processor board by the 8255 PPI. 
The hardware required for this EPROM programmer has 


been reduced to a bare minimum by transferring most of 


the programming control to the program software. 


ERASABLE PROGRAMMABLE Read- 
Only Memories (EPROMsS) are available 
today in a large range of types and 
capacities. This simple programmer has 
been designed primarily for the single- 
rail (+5 V) range of EPROMs but it can 
be modified to program the three-rail 
2708 EPROM. The original design 
catered only for the 2716 2Kbyte 
EPROM which is by far the most popu- 
lar type in use. The current design 
incorporates a 16-pin DIP ‘personality 
module’ to provide a means of rewiring 
the programmer to cater for all the 
24-pin single-rail EPROMs. 

The EPROM programmer is complete- 
ly self-contained and can be used with 
any microcomputer which has three 
8-bit ports available. A full source listing 
of a 2650 program to read, program and 
verify the programming of a 2716 
EPROM has been supplied in this article. 
Of course, this program will have to be 
altered to cater for the other types of 
EPROMs. 

Most computer systems use EPROMs 
to store the monitor program and to 
provide the VDU character generator 
ROM. With this programmer these 
EPROMs can be easily modified or re- 
placed. EPROMs can also be used to store 
useful ‘utility’ programs and for the 
exchange of large programs from one 
system to another. 

The ETI-685 2650 S100 Processor 
Board contains the unique feature of 
having RAM memory overlayed on the 
EPROM monitor. This feature allows 
new programs (either new monitors or 
OEM dedicated software) which are to 
reside at address ‘0000’H to be written on 
an assembler and assembled into the 
RAM. These programs can then be run 
and their operation verified before they 
are committed to EPROM. The follow- 
ing seven-byte program, when executed, 
will disable the monitor EPROM and 
transfer the CPU control to the program 
just assembled and stored in the on- 
board RAM at ‘0000’H. (Note: the two 
2114 RAMs at IC14 and IC29 must be 
fitted to the ETI-685 board.) 

0401 LODI,RO H'01’ Bit to set EPROM disable latch 


D407  WRTE,RO H'07’ 1/0 address of the latch 
1F 0000 BCTA,UN H'0000" Branch to Address ‘0000°H 
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Ron Keonig 


| housed the project in a jiffy box and lettered the front panel with Letraset. The ‘ZIF’ socket and 
‘personality’ module DIP header are readily identified here. 


The principal requirement for an 
EPROM programmer is to apply a 25 V 
programming voltage to EPROM pin 
Vpp, supply the appropriate address and 
eight bits of data to the EPROM socket 
and then generate the appropriate pro- 
gramming pulse. For the 2716 EPROM 
the addresses can be output in any 
order, and for each address a once-only 
50 ms logic ‘1’ pulse is applied to the 
CE input. 

This programmer uses the B port and 
C port (lower) PPI lines to supply the 
required 11 address lines, and the A port 
is used to transport the data. The A port 
is set for output during programming, 
and for input during reading and verifi- 
cation. Two lines from the C port (upper) 
are used to switch on the Vpp program- 
ming voltage and to pulse the CE line 
during programming. 


12.6 Vac 
(250 mA) 


In most simple programmers the 
programming pulse duration is gener- 
ated by the timing of a monostable 
multivibrator. As the pulse duration 
needs to be accurate for reliable pro- 
gramming these ‘one-shots’ must be set 
up using expensive test-equipment such 
as a frequency-period meter or a CRO. 
For this programmer the pulse duration 
is generated by the microprocessor 
executing a ‘calibrated’ delay sub- 
routine. With all CPUs running from a 
crystal controlled 1 MHz clock the pulse 
length generated is extremely accurate, 
and no user timing calibration is 
required. 

Interested software-buffs may like to 
know that the PPI’s single bit set/reset 
feature has been used to generate the 
program pulse (see the PULSE sub- 
routine in the program listing). > 


IC3 


D2 LM317MP 


Power supply circuit for the ETI-686 EPROM programmer OV 


+26V 


PORT C 


PORTB 


When the program is first run the PPI is 
initialised with the A port set for ‘input’ and the 
B and C ports set to ‘output’ and reset to all 
zeros. With a logic ‘0’ on PC4 the programming 
LED is off, and a logic 0 will be present on 
pin 20 of the EPROM socket producing a valid 
output-enable signal. A logic 0 will also be 
present at IC1 pin 8 which, by the voltage 
divider action of R3 and R4, will place 4 V on 
the base of the transistor (Q1). As 5 V is pre- 
sent on the emitter of Q1 (via the diode D1), the 
transistor Q1 is reverse-biased (non-conduct- 
ing) and the Vpp voltage at pin 21 remains 
at5V. 

As a logic 0 is also present on PC5, a logic 0 
will be applied to pin 18 of the EPROM socket 
producing a valid ‘chip-enable’ signal. The 
EPROM socket is now in the ‘read’ mode and it 
is safe to insert an EPROM into the socket. You 
might like to turn off the programmer’s power 
supply before inserting or removing EPROMs 
from the socket. 

| have been using a Textool zero insertion 
force 24-pin socket and | have not found 
it necessary to remove the power from the 
socket. 

The program will now display the command 
MENU and wait for a valid input. There are five 
valid single letter commands: C, I, P, Q and V, 
explained in the main text. 

The programmer remains in the ‘read’ mode 
except when programming is actually taking 
place. During the commands Copy and Verify 
the EPROM address is sequentially incre- 
mented and presented to the EPROM via port B 


HOW IT WORKS — ETI-686 


and port C (lower). The data present at these 
addresses is read in via port A. The Copy 
command causes this data to be stored in the 
programmer’s buffer memory at the appropriate 
locations. The Verify command compares the 
EPROM data with that already stored in the 
buffer. 

During programming the sequence of events 
changes. The PPI is reconfigured for port A as 
an output and, using the bit-set PPI feature, the 
PC4 bit is set to a logic 1. With PC4 at logic ‘1’, 
pin 10 of IC1 is a logic 0 and the programming 
LED is turned on. A logic 1 is also presented to 
pin 20 of the EPROM to tri-state (turn-off) its 
data drivers. The logic 0 at IC1 pin 9 produces 
an open-collector logic 1 at the inverter’s out- 
put at pin 8. With pin 8 open-circuit, current 
flows from the 26 V supply via R7 to the base of 
Q1. Q1 is turned on and the 26 V supply is 
switched to the EPROM’s Vpp input at pin 21. 
Some voltage is dropped across Q1 so the 
voltage applied to pin 21 will be less than 26 V. 
In fact, the 26 V supply is adjusted to provide 
a Vpp voltage during programming of 25 V, 
+or-1V. 

During programming the address is sequen- 
tially incremented and the address and the 
relevant data from the buffer memory is 
presented to the EPROM via the PPI ports A, B 
and C. After the address and data have been 
latched into the PPI the PCS line is pulsed to a 
logic 1 for 50 ms using the bit-set bit-reset 
feature. This produces the required 50 ms 
logic 1 programming pulse at the CE/PGM pin 
(18) of the EPROM. 

The programmer requires the two dc volt- 


[> SPARE PINS (FOR EXPANSION) 


TEST POINT 
(SEE TEXT) 


(2716) EPROM 
ZIF SOCKET : 
SK4 ve 


ages +5 Vand +25 V to program single-supply 
EPROMs. A conventional full-wave bridge 
rectifier and a three-terminal regulator (IC2) is 
used to generate the +5 V supply. For the +25 V 
supply a half-wave voltage doubler is used to 
generate about 35 V across C9 from the incom- 
ing 12 Vac. For one half cycle D3 conducts and 
C8 charges to about 17 V. In the next half cycle 
D2 conducts and the charge on C8 is placed in 
series with the applied 17 V peak half-wave to 
generate about 35 Vdc on C9. An adjustable 
voltage regulator (set by RV1) is used to 
regulate this 35 V down to the required 25 V 
programming voltage. RV1 is set for 25 V at the 
Vpp pin with a simulated load of 1k, 1 W 
resistor placed in the EPROM socket between 
pin 21 (Vpp) and pin 12 (0 V). 

The 12 Vac can be obtained from the com- 
puter’s transformer, a suitable transformer 
mounted in the programmer’s box, or from an 
external 12 Vac ‘plug pack’. A suitable trans- 
former for including in the box to make the 
programmer completely self-contained is the 
type 2155, available from many manufacturers 
and retailers, or the Ferguson PL12/20 VA. A 
suitable external 12 Vac plug pack is available 
from Dick Smith, catalogue no. M-9555. 

Three flat ribbon cables are used to connect 
the three 8-bit PP! ports on the CPU board to 
the programmer board. As the eight Data lines 
and 11 Address lines in these cables are con- 
nected directly to the 24-pin EPROM socket 
these cables should not exceed one metre in 
length. The termination resistor networks, 
RN1 and AN2, can be omitted if the cabie length 
is not to exceed haifa metre in length. 


a 
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TOP PROJECTS ) 


: 8 
Vol. 


~ YOUR famitiON. 


Space. Ge 
“Wetter, 


Available from newsagents, selected electronic sup- 
pliers or direct from ETI Magazine, 15 Boundary St, 
Rushcutters Bay NSW 2011. Please add 65 cents for 


post and handling if buying by mail order. 


hr aciact: arivh 3k3 x 9 SIP resistor pack 
iSioee adept 4 eh 1k min. vert. trimpot 


10n ceramic 

10u/16 V tant. 

1000u/25 V axial electro. 
100n ceramic 

10u/35 V tant. 

220u/25 V axial electro. 
470u/63 V axial electro. 


shi 3S UGS S Sass 1N914, 1N4148 
Piaaed t Ra 4 EM401, 1N4001 etc. 
RENEE eon, BY257 Philips bridge rect. 


iad © safeRCa. cas LM317MP 

Fax naeea Sit TIL220G green LED 

5% CARH TRS TIL220R red LED 
Miscellaneous 
ETI-686 pc board; three 16-pin solder-in type IC 
sockets (SK1, 2, 3) — optional; one 24-pin wire- 
wrap socket (SK4); one 24-pin ZIF socket; 4 x 
18 mm spacers; one T0220 heatsink; one 2155 or 
PL12/20 VA transformer or similar (12 V/1 A); jiffy 
box, 196 x 113 x 60 mm (UB2 or similar); wire etc. 


Price estimate $42 — $48 


As you can see from the circuit 
diagram this must be just about the 
simplest EPROM programmer ever 
published, requiring only one TTL 
interface IC and two voltage regulators. 
But the software supplied makes this 
programmer a very versatile 2716 
EPROM programming package. 


Construction 


All components for the programmer are 
mounted on a single sided printed circuit 
board which measures approximately 
140 mm by 90 mm. The maximum 
height of components on the board is 
18 mm. The board may be mounted per- 
manently in the computer or assembled 
into a suitable case (as illustrated in the 
accompanying photograph). If you in- 
tend to only program 2716 EPROMs 
then the ‘programming module’ socket 
can be replaced with five wire links. If 
you intend to mount the board behind a 
panel or box lid you can use a 24 and 
16-pin wire-wrap socket to raise the 
height of the sockets above the other 
board. 

It is important that you use a good 
quality 24-pin socket for the EPROM. 
Ideally, a ‘zero insertion force’ type 
(ZIF) should be used. If you purchase the 
Textool brand ZIF you may find that it 
will not fit into the holes on the board or 
plug into any type of IC socket. I solved 
this problem by soldering a 24-pin com- 
ponent header (similar to the 16-pin 
module header) to the pins of the 
Textool ZIF. 

Mount all the components on the board 
paying close attention to the polarity of 


PARTS LIST -— ETI-686 ———= - 


Component overlay. Test point T1 is on the link 
adjacent to the cathode of D1. The @ at one end of 
RN1, 2 and 3 shows the common pin (+5 V). 


View of the board showing mounting of 
the wire-wrap and ZIF sockets. 


the electrolytic capacitors and the 
orientation of the resistor networks. 
Install the six resistors, three diodes 
and two wire links first. Next install Q1, 
then the diode bridge, the resistor net- 
works and the capacitors. The two volt- 
age regulators and the TTL IC are 
installed next and, after the board has 
been fitted to the panel, the LEDs can be 
installed. The three 16-pin IC sockets 
for the port A, B and C cables can be 
installed next. 


BAND 
no 
a x electrolytic 
DIODES 1) 
COMPONENT PINOUTS tantalum 


The wire-wrap sockets should be fit- 
ted after the assembled board has been 
secured to the front panel so that you 
can accurately set their height. A suit- 
able heatsink for the 5 V regulator can 
be fabricated by bending up two 12 mm 
sides from a 45 mm x 20 mm x 1.2 mm 
piece of aluminium. When the board is 
completed it can be secured to the front 
panel using four 18 mm to 20 mm long 
spacers. Plug the zero insertion force 
socket into the 24-pin wire-wrap socket 
and fit it to the assembly. Check that the 
release lever of the ZIF is not resting on 
the front panel and solder the wire-wrap 
pins to the board. Next locate the 16-pin 
module socket to be just proud of the 
front panel and solder it in place. > 


View of the completed circuit board with the standoff pillars installed. 
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FFI BASED 2716 EPROM PROGRAMMER 40B5 056E > LODI+R1 MSSG1-MSSGO 
40B7 3F412C BSTA*UN PMSSG 
Execute by keying 64000 4OKBA 3F0286 BSTA»UN CHIN Command? 
oe 40BD £400 COMI*RO CR ‘CR’ to continue 
oe 11-4-82 AOBF 9C400A BCFAyEQ START Abort if mot ‘CR’ 
hs 40C2 3F4040 ESTA*UN INIT Reset. rointers 
oe 40C5 0599 LODI+R1 MSSG4-MSSGO 
txMonitor Subroutines used: 40C7 3F412C BSTA*UN FMSSG Print "Frodrammind* 
}MBUG EQu H’0022° PRI for Frodramming 
SLINE £au H’OOSB’ 40CA 0410 LODI*+RO FGEN 
sCRLF EQU ‘008A’ 40CC CCO202 STRA®RO FGENF Set PGEN flag bit 
: BOUT Eau H’0269° 40CF 0480 LODI*+RO H’80’ 
SCHIN €qu H’0286° 40D1 D403 WRTE®RO CNTRL Port A outeut mode 
#COUT EQu H’O2B4’ 40D3 0409 LODI*+RO SETOE 
3GNUM Eau H’O2DR’ 40D5 D403 WRTE*®RO CNTRL Arely Urree Tristate EPROM 
teConstants ikProdramme the Buffer contents into the EFROM 
equ H’20° tkAddress range specified by BUFST (start) and TOF (end 
Equ H’OD’ 40D7 3F4053 3 ; BSTA*UN WRITE Address to PFI 
EQuU H’‘OA’ 40LA 0C8200 LODArRO *TEMP 
equ H’ 08’ 40DD D400 WRTE»RO PORTA Bute to EFROM 
Eau H’07° 40DF 3F40FE BSTA,+UN FULSE Fulse rrodramme bit 
A0E2 3F 4063 BSTA»UN INCR Next address 
ORG H’4000° 40ES5 9870 BCFRrEQ NXTP Loor if not finished 
Completed rrodramming 
BSTArUN INIT Clear Enabler Fort A input 
LODI»R1 MSSG3-MSSGO 
BSTA,UN FMSSG Print "Completed* 
LODI+R1 MSSGS-MSSGO 
BSTA*UN PMSSG *and* 
LODI*R1 SO 
LODI»R2 0 
BDRR»R2 $ delay before verify 
BDRR»+R1 $-2 
BCTReUN VER Go to Verify Programme 


“FROM not Erased* 


* 

xInitialise and Print the Command Menu A0E7 3F4040 

ENTRY LODI»RO 02 Arith. compares 40EA OS8F 
LPSL Clear Carryr RS1 AOEC 3F412C 
PPSU FLAG Set Flag 40EF O5AS 
LODI+R1 MSSGO-MSSGO 40F1 3F412C 
BSTA*UN PMSSG Print the Menu 40F4 0532 

* 40FS 0600 

xCommand Inrut 40FB8 FA7E 

START BSTA»UN to CRT 40FA F97C 

BSTA?UN 4OFC 1B11 

LODI+RO Prompt 

BSTR+UN Cout 

LODI+RO 40FE 0408 

BSTR*UN Cout 4100 D403 

BSTA,+UN Wait for a command 4102 0632 


STRZ+R1 
4104 046E 
BSTA®UN Echo command to CRT 4106 FB7E 


COMI+R1 4108 FA7A 
BCTAYEQ Cory EPROM into Buffer 410A 040A 


COMI>R1 
4 1403 
BCTA+EQ Programme EPROM from Buffer ae 
410E 17 
COMI>R1 : 


BCTArEG Initialise Buffer with ‘FF’ t&Routine to Verify EPROM with the buffer 


COMI »R1 410F 0600 tVER LODI»R2 0 Loor of 256 
eoneene Verify EPROM with Buffer 4111 3F4053 :UFY BSTA*UN WRITE Address to PFI 
Berane EXIT to Monitor aiis Fce200 i COMASRO STCHP Check bute 
LODIyR1 MSSG8-MSSGO Print *INVALID* command re mee heck pete 
4119 9B80C BCFRrEQ VFERR Error af not equal 
BSTA,UN PMSSG be am 
BCTASUN. START 411B FA77 BDRR+R2 VRFY Read 256 times 
: : 411D 3F4063 BSTAPUN INCR Next address 
ikDefine the PPI Forts (ArB and C) used 5 
° 4120 986F BCFRrEQ VFY Loom till TOP 
{PORTA EQU H’00° for Data (in and out) SiGs oeEO BODIE RIT MGeOTENSEGO: 
SFORTR: EGU Ladi FOF QO) £0: 7 4124 1F403A BCTA+UN MOUT Print ‘Verified* 
Eau Hi92" PEO“RES Con ASSO St 4127 o5A9 VFERR LODIyR1 MSSG6-MSSGO or 
Eau H’03 4129 1F 403A BCTAyUN MOUT Print "ERROR* 
Eau H’ OB’ Set Programme Pulse (PCS) tkRoutine to Print a Message from the table 
Equ H’OA’ Reset Pulse 412C {PMSSG = LODI»RO SPAC 
Eau H’09" Tristate PROM» arprly Ver (PC4) A12E BSTA-UN COUT werat 2 deece 
EQu H’10° Programme Enable flag 4131 LODArRO MSSGO»R1 fetch character 
4134 RETCrZ end if a Null (0) 


tkRoutine to Initialise the FFI 4135 BSTA»UN COUT else print character 
0490 : INIT LODI*+RO H’90° A Ineute B and C Outeut 4138 BIRR»R1 POUT inct. Pointer & loop 


n403 WRTE*RO CNTRL xMenu Table 


20 EORZ+RO 413A ODOA4SSO :MSSGO DATA CReLFrA’EPP COMMANDS‘ »+CReLF eLF 
CC0202 STRA®RO FPGENF Clear flag 414B 43202043 DATA A‘C~ Cory PROM into Buffer’ »CRrLF 
¥Initialise the Buffer Fointer TEMP 4165 50202050 DATA A’P- Programme PROM’ »CRrLF 
* to the value stored at BUFST 4178 562D2056 DATA A’V- Verify PROM’ +CReLF 
ocoiFD INITP LODA+RO BUFST 4188 49202049 DATA A‘I- Initialise Buffer’ »CReLF 
C0200 STRA»RO TEMP High byte 419E 512D2051 DATA A’Q- Quit’ +CRrLF 
EORZ*RO 41A7 00 DATA ° 
STRA+RO TEMP+1 Low byte DkMessages 
RETC®UN 41A8 50524F4D :MSSG1 DATA A’PROM not Erased’ +0 
* 41B8 SOS24F4D :MSSG1A DATA A’PROM Erased’ 10 
*Routine to Write Bute Address to PPI 41C4 436F7079 :MSSG2 DATA A’Copy’s0 
000201 WRITE  LODArRO TEMP+1 Low byte 41C9 436F6D70 :MSSG3_ DATA A‘Completed’ +0 
n4o1 WRTE*RO PORTE 4103 50726F67 :MSSG4 = DATA A‘Prog ng’ 10 
060200 LODAyRO TEMP High byte 41DF 616£6400 :MSSGS DATA A’and’ 10 
ANDI+RO H’OF’ Strip tor nibble 41E3 4552524F :MSSG6 DATA A’ERROR’ + BELL» 0 
IORArRO PGENF add Enable flag 41EA 56657269 :MSSG7 DATA A‘ Verified’ »BELL+0 
WRTE®RO FORTC 41F4 49465641 DATA A’ INVALID’ »BELL +O 
RETC+UN Buffer Address Set to 5000-S7FFr lenath 2k 


0402 
93 
7640 
0500 
3F412C 


3FOOBA 
3F 4040 
042B 
3B89 
0408 
3885S 
3F0286 
C1 
3FO2R4 
E543 
1C408B 
E550 
1C40A2 
ES49 
1C407D 
ESS6 
1C410F 
E551 
100022 
OSBA 
3F412C 
1F 400A 


a] 
=z 
a 
4 


* 
*Routine to denerate a SOms Programme Pulse 
PULSE LODI»RO SETPG 

WRTE*RO CNTRL Set Frodramme Pulse 

LODI*R2 SO 
DLY LODI*RO 110 

BDRRrRO $ 1mS delay 

BDRR*R2 DLY x SO 

LODI*+RO RSTPG 

WRTE*®RO CNTRL Reset Pulse 

RETC+UN 


=z 
co 
c 
a 


* 
xRoutine to Increment TEMP until TOP address 41FD 50 DATA H’50° Sets Buffer Start Address 
060200 INCR LODArRO TEMP High byte 41FE 57 H DATA H‘S7’ Sets Buffer Hidh End Add. 
ono201 LODArR1 TEMP +1 Low bute 41FF FF DATA H/FF’ Sets Buffer Low End Add. 
ECOIFE COMA,RO TOP Compare high byte 
1A04 BCTReLT INCT 4200 ; RES i Temporary address 
EDOIFF COMA+R1 TOP+1 Compare low bute 4202 RES OE flas resister 
RETC+EQ Finished if equal 
INCT BIRR» R1 SAVE Incr. low byte and OO ERRORS DETECTED 
BIRR*RO SAVE iner. high byte if R1=0 EPROM FProdrammer HEX Listing. 
SAVE STRA+RO TEMP Store the new address 
STRAR1 TEMP+1 4000 02 76 40 00 


4010 2B 3B 89 04 3B 
‘ RETC*UN Not finished 4020 ic 8B 1c 
xRoutine to Initialise the Data Buffer with ‘FF’ Hex. 4030 41 ES 00 
INITB  LODI+RO H‘FF’ 4040 20"D4) 08 Oe 
STRA®RO TEMP Data byte to buffer 4050 2 01 
BSTR»UN INCR Next address 4060 o2 
BCFRrEQ INITB Loor till end 4070 
LODIyR1 MSSG3-MSSGO 4080 
BCTA+UN MOUT Print *Completed* 4090 
xRoutine to Cory EPROM into Buffer 40a0 
3F4053 — :COPY BSTAPUN WRITE Address to FFI S0Rn0 
5400 REDE+RO PORTA Data from EPROM 40Co 
CCB200 STRA*RO XTEMP to buffer 40D0 
3F 4063 BSTA*UN INCR Next address 40E0 
9873 BCFRrEQ COPY Loor till end 40FO 
OS8A LODIyR1 MSSG2-MSSGO 4100 
3F 4120 BSTA*UN PMSSG Print *Cory* preys 
oseF LODI*R1 MSSG3-MSSGO a 
1F 4038 RCTA+UN MOUT *Comrleted* aise 
4140 
tkRoutine to Programme EPROM from buffer 4150 
tkCheck if EPROM Erased first 4160 
3F4053 BSTA*UN WRITE Address to FPI ria 
5400 REDE*sRO PORTA EPROM Tata 4190 
E4FF COMI*RO H’FF* Erased? A1A0 
9C4OBS BCFAyEQ PERR Error if not ‘FF’ cigs 
3F 4063 BSTA*UN INCR Next address Mics 
9871 BCFRyEQ PROG Loor till end 
O57E LODI+R1 MSSG1A-MSSGO "FROM Erased* a1D0 


1RO2 RCTR»UN CONT and ready to rrodramne gree 


2716 2758 
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Figure 1 (left). Strapping of the personality module 
for 2716 programming. 


Figure 2 (right). Strapping tor 2758 programming. 


Wiring the programming 
module plug 


The program module required for the 
2716 type EPROM is shown in Figure 1. 
The top and bottom link supply +5 V 
and the Vpp voltage to the EPROM 
socket. The other links supply the OE, 
CE/PG and A10 signals. Figure 2 shows 
the required module for a 2758 where 
the A10 input has been wired to 0 V. 
The inclusion of the programming 
module has allowed this EPROM pro- 
grammer to cater for a wide variety of 
EPROMs. It was not my intention that 
this project would be the design of a 
‘universal’ EPROM programmer so I 
will not, at this time, go into the diverse 
software and module changes required 
to satisfy the programming require- 
ments of the other types of EPROMs. 


EPROM PIN 


24 (Vee) 
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ooogo0 0000 


SPARE (8) 


Figure 3. Module signals. 


For those interested in experimenting I 
have included the following additional 
information. Figure 3 shows the signals 
available at the programming module 
and Figure 4 shows the timing of the 
signals generated by this software 
package. Most EPROMs require a simi- 
lar 50 ms ‘program pulse’, but the 
timing and polarity of this and the other 
signals vary. 


EPP Software 


The program supplied occupies only 
512 bytes of memory and uses a 2K block 
of RAM for a buffer. This buffer may be 
loaded from tape, disc or from another 
EPROM, or it may be loaded by the 
assembly of a source program under the 
control of an editor-assembler. Using 


the Microbyte 2650 Assembler, the 
command sequence to assemble a source 
program into the buffer memory at 5000 
is to enter ‘M.5000’ to the prompt 
‘OPTION?’. The assembler will then 
assemble the source program using the 
‘ORG’ statement for address calcu- 
lations, and insert the generated code 
into the EPROM buffer at H‘'5000’. 

The location and length of the EPROM 
buffer is defined by three bytes at the 
end of the program. The start of the 
buffer is defined by the BUFST byte at 
41FD, and the end is defined by the two 
bytes labelled TOP at 41FE and 41FF. 
These initially define a 2K buffer which 
commences at H'5000’ and ends at 
H'‘57FF’. These locations can be altered 
if necessary and, to copy an EPROM 
already installed, they can be set to the 
address of the resident EPROM. 

When the EPP program is run a menu 
is displayed illustrating the available 
software commands. The _ required 
EPROM programmer (EPP) command 
is selected by entering the appropriate 
single letter label. The following is a 
brief description of the operation of the 
five available commands in this simple 
EPP program. 


The COPY routine 


The Copy EPROM routine is used to 
load the contents of a pre-programmed 
EPROM into the buffer memory. As 
supplied, the routine reads the entire 
2K into the buffer and the previous 
contents are lost. The copy routine can 
be used when copying EPROMs, dis- 
assembling programs or for listing the 
contents using a HEX lister. The routine 
is selected by keying in ‘C’ and, when 
the copy is complete, the routine will 
display the message ‘Completed’ and 
prompt with a‘+’ for another command. 


The INITIALISE routine 


This routine will erase the entire 2K 
buffer memory and fill it with the value 
H‘FF’. When the routine is finished the 
message ‘Completed’ is displayed on the 
screen and the program will prompt for 


ADDRESS 0 


EPROM programmer 


a new command. The Initialise routine 
is mainly used when part-programming 
is required (see following section) to pre- 
pare the buffer. This routine is selected 
by keying an ‘I’ and, when finished, the 
routine will display ‘Completed’ and 
return to the command level. 


The PROGRAM routine 


This routine is actually a dual purpose 
program and it includes a safeguard to 
prevent the inadvertent programming 
of an EPROM which you may have only 
wanted to copy. When selected with the 
command ‘P’ the routine first checks to 
see if the EPROM is erased. At the end 
of this test either the message ‘PROM 
Erased’ or ‘PROM not Erased’ will be 
displayed and the program will pause 
and await the entry of the ‘Return’ key. 
If any other key is entered the program 
routine is aborted and the prompt for a 
new command is displayed. 

If the Return key is entered the pro- 
gram cycle commences. The message 
‘Programming’ is appended to the pre- 
vious message and, on the EPROM 
programmer board, the red LED is 
illuminated. The entire contents of the 
buffer memory (as defined by the start 
and end address) is now programmed 
into the EPROM. 

At the end of the programming cycle 
the LED is extinguished and the 
message ‘and’ is appended to the pre- 
vious message. The routine now enters 
the verify cycle where the contents of 
the EPROM at every address is read and 
compared 256 times with the appropriate 
contents of the buffer. This level of 
checking has been chosen for the de- 
tection of poorly programmed EPROMs. 
The loop count can be changed by alter- 
ing the value of the byte at H'4110’. Ifan 
error is located the message ‘ERROR’ is 
displayed and the routine returns to the 
command level. A reprogram cycle can 
be introduced by reselecting the pro- 
gram cycle. 

If the programming has been success- 
ful the message ‘Verified’ is displayed 
and the program returns to the com- 
mand level. > 


ADDRESS 7FF 


a a 
> 1s, 
4} {___)—$28, 
sf 3 ew 


—| }*—50 ms 


Figure 4. 2716 program cycle. 
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The VERIFY routine 


The verify routine used at the end of the 
program routine can be _ selected 
separately with the command ‘V’. This 
routine will either display the message 
‘Verified’ or ‘ERROR’ and return to the 
command level. The verify program is 
particularly useful in comparing the 
contents of programmed EPROMs to 
determine if they are at the same 
revision level. 


The QUIT routine 


The input of the command ‘Q’ will cause 
the computer to exit from the EPROM 
programmer and return to the system 
monitor at H‘0022’. The EPP program 
can be re-entered at any time with a 
G4000 command and, in both instances, 
the contents of the buffer memory will 
not be altered. 


Programming example 


The following is a typical display gener- 
ated during the copying of a program- 
med EPROM. The first verify sequence 
has been selected to check that the 
correct data has been read into the 
buffer memory. As the COPY routine 
only reads each address once I have 
found that poor contact in the EPROM 


socket, due to bent or dirty pins, has 
caused occasional reading errors, but 
the verify has found them every time. 
Better safe than sorry. The second 
verify, after programming, is actually 
quite unnecessary. 


EPP COMMANDS 


C — Copy PROM into buffer 

P — Program PROM 

V — Verify PROM 

I — Initialise buffer 

Q— Quit 

Part programming 

Erased EPROMs contain the data byte 

‘FF’ in every location and only logic Os 

are actually programmed into an 

EPROM. Any attempt to program an 

‘FF’ into an already programmed 

EPROM will not alter the contents. It is 

therefore possible to add to or alter the 

contents of a programmed EPROM, or 

to part-program an erased one by filling 

the buffer with ‘FF’ in the addresses 

where programming is not required. 
The Initialise routine can be used to 

completely fill the buffer with ‘FF’ 

before the part-program is loaded into 

it. Of course, if the EPROM and the 

buffer contain different data, the Verify 

routine will report the message ‘ERROR’. 


EPROM erasure 


Data written into an EPROM can only 
be erased by irradiating the memory 
element with ultraviolet light. The 
following manufacturers’ warnings on 
erasure should be noted. 


1. If an EPROM which has not 
been properly erased is program- 
med and used, writing problems 
and operating problems are likely 
to arise. 

2. Excessively long erasure times 
(of several hours duration) can 
also result in failure. 

3. Lengthy exposure to direct sun- 
light can result in programmed 
bit changes. Although normal 
fluorescent lights have practically 
no effect, it is recommended that 
the glass face be covered with a 
screening label. 


With these warnings in mind, you 
should carefully read the operating 
instructions supplied with the EPROM 
eraser which you are using. 

With all the information provided in 
this article you should now find pro- 
gramming your own EPROMS quick 
and efficient, and you will soon discover 
the advantages of having your very own 
computerised EPROM programmer. @ 


NOT 20 PROJECTS 
NOT 25 PROJECTS 
NOT EVEN 35 PROJECTS... BUT... 


50 PROJECTS! ... WOW! 


The great, grand, gi-normous 


HOBBY ELECTRONICS PROJECT BOOK 


is here at last! This book must have just about something for everyone. 
Something for the dabbler or dab hand, for newcomer or old timer. Contemplate 
it — 50 projects in six categories: Radio & Communications, Music & Audio, 
Games and Hobbies, Test Gear, Measurement, Miscellaneous, PLUS: Construc- 
tion Techniques and a Reference section! Amazing — 50 projects and 15 
articles, a veritable hobbyist’s ‘bible’. The articles cover project construction, the 
art of soldering, making printed circuits, capacitors, how to read capacitor 
codes, diodes, transistors, inductors, transformers, reading circuit diagrams, 
component numbering and where to buy components. Printed circuit board 
patterns are given and all the component pinouts you need to know about. 


THAT’S RIGHT! $4.95 


This must be the best value ever in an electronics book. Rush out now and get your copy before 
they all go — which they’re bound to! On sale at newsagents and selected electronic suppliers. 
Or, you can obtain a copy by mail order from ETI Book Sales, 15 Boundary St, Rushcutters Bay 
NSW 2011 by sending $4.95 plus $1.10 post and handling. 
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$100 PROM board includes 
many features 


Craig Barratt 


Another in our series of S100 buss projects, this board will 
accept 2708s, 2758s, 2716s and 2732s and is arranged in 
two independent banks of eight PROMs capacity each. 
There’s more, but read all about it! 


ae my 


THERE HAS been considerable debate 
over the past few years about how much 
read only memory a computer should 
use. Most computers have a small 
amount of ROM that contains a pro- 
gram which activates a monitor, 
assembler, BASIC or whatever from 
cassette or disk. Many other micro- 
computers, however, have large 
amounts of ROM. Examples are the 
Tandy TRS-80 and the ROM packs of 
the Sorcerer, which usually contain 
BASIC interpreters. 

The disadvantage of having large 
programs in ROM is that if you want 
a difficult program it is not so easy 
to do. Nevertheless, such ROM-stored 
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SUN ee wa 
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‘ie i | 
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programs avoid time wasting cassette 
loading, and therefore programs stored 
in PROMs (programmable read only 
memories) are the perfect choice for 
dedicated micro applications. 

Over the last few years PROM prices 
have been falling nearly as rapidly as 
RAM prices. The increasing demand for 
PROMs has pushed down prices and 
prompted manufacturers to design 
bigger and better devices. 

Only a few years ago the largest 
PROM available was the 1702, a 2K 
device arranged as 256 bytes by eight 
bits. The 1702 was superseded by the 
2708, the very popular 1K by eight-bit 
PROM. Now 2716s and 2732s are 
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common, and 2764s and 27127s are 
appearing! These PROMs are arranged 
as 2K-by-8, 4K-by-8 and 8K-by-8 re- 
spectively. When (or if) released, the 
2764 will have 32 times the capacity of 
the old 1702, which indicates the scope 
of technology in this field. 


Design features 

These new chip releases make the 
design of a PROM board difficult. As 
soon as we designed a 2716-compatible 
PROM board, Murphy’s Law would 
have it that 2732s would suddenly be- 
come cheap. So in our quest to design the 
‘best’ S100 boards around we decided to > 
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design a PROM board that was com- 
patible with four types of PROMs: the 
2708, 2758, 2716 (+5 V), and 2732. 

The board is arranged as two totally 
independent banks of eight PROMs 
capacity each. Different PROMs may be 
used in each bank; you may have 2708s 
in one bank and 2732s in the other. Each 
bank is located on any 4K boundary, no 
matter what size PROMs are in the 
bank. Individual PROMs may be dis- 
abled with on-board dipswitches, rather 
than the messy diodes or links that you 
see on some other boards. 


Besides all these goodies, the board 
supports phantom, will generate wait 
states if desired and is bank selectable. 
Links at the bottom of the board select 
these options. 

The first thing that will strike you 
about the ETI-682 is the unusual layout 
of the PROMs. All other PROM boards 
that we have seen consist of two rows of 
eight PROMs each. This generally 
means that dipswitches have to be at 
the bottom of the board. We believe that 
dipswitches should be where you can get 
to them: at the top of the board. This is 
the reason for arranging the sixteen 
PROMs in a four-by-four array. 


Construction 


If you feel that your computer needs 
some PROMs, then you ought to build 
an ETI-682. The first thing you need is a 
printed circuit board, and due to its 
complexity, a plated-through hole board 
is strongly recommended. 


For those who want to do it the hard 
way, the PROM pc board patterns are 
not printed in this magazine. Don’t 
despair! Send a large, stamped, self- 
addressed envelope to ‘ETI-682 PROM 
PCB, ETI Magazine, 15 Boundary 
Street, Rushcutters Bay, NSW 2011 and 
we will send the patterns back. 
(Remember that you can only obtain the 
artwork for your own use as a private 
individual; copyright on the pc board 
has been retained by the designer.) 


The board has been designed so that 
no tracks run between pins on the solder 
side of the board. Despite this you 
should take care with each solder joint, 
watching out for dry joints and solder 
bridges. 


Construction should commence with 
the insertion and soldering of all IC 
sockets, dipswitches and the headers 
HD1 to HD3. 


Solder in all the capacitors except C27 
to C47, carefully noting the polarity of 
C1 to C6 as you insert them. Solder in 
the resistor packs RP1 to RP3. If you are 
unable to obtain resistor packs you 
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Figure 1. The insides of a resistor pack. If aresistor 
pack is unavailable, individual 4k7 YW resistors 
may be substituted. 


may use nine resistors instead of each 
pack, as shown in Figure 1. Resistor 
pack orientation is important; pin 1 is 
indicated by a black dot. 

Now solder in wire-wrap pins in the 
positions L1 to L3, as shown on the over- 
lay. Finally mount and solder in the 
regulators IC30 to 32, with suitable 
heatsinks and mounting bolts. 


soldered in as follows: 

1) If you want to use 2708s in bank 1, 
solder in C27 to C36. 

2) If you want to use 2708s in bank 2, 
solder in C37 to C46. 

Headers HD1 to HD3: 

Headers HD1 to HD3 have to be 
strapped according to what type of 
PROMs you want in each bank. Header 
HD1 and the right half of header HD3 
set the PROM type for bank 1, while 
header HD2 and the left half of header 
HD3 set the PROM type for bank 2. The 
four diagrams on page 37 show how to 
strap these headers for each of the four 
PROM types. For each PROM, the left 
diagram refers to header HD1 or HD2 
and the right refers to the left or right 
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A close-up view of the headers on board. Headers HD1, HD2 and HD3 select the PROM type. These are 
configured so that both banks will contain 2708s here. 


Power up 


The board is ready for its first power- 
up. Plug it into your computer, stand 
back, and apply power. Check that the 
following voltages, with respect to 
ground, are present on header HD3: 

a) —5 volts on pin 13 

b) +5 volts on pin 14 

c) +12 volts on pin 3. 

Extra bypass: 

You must now decide which PROM 
types you want to configure your 
ETI-682 for. The following PROMs are 
supported by the ETI-682: 


PROM Power supplies 


number’ Size needed 
2708 i1Kby8 +5V,+12Vand-5V 
2758 1Kby8 +5V 
2716 2Kby8 +5V 
2732 4Kby8 +5V 


If you want to use 2708s, extra bypass 
capacitors will be needed. Thesg, are 


half of header HD3, depending on which 
bank you are configuring. 

Phantom: 

This board can ‘phantom out’ lower 
priority memory if desired. If this is re- 
quired, strap a wire across link L2. The 
board will now pull phantom low when- 
ever an enabled PROM is read from. 
Bank select: 

The ETI-682 supports bank select. If 
you wish to bank select this board a wire 
should be connected between link L1 
and the required bank select line on 
your buss. The board will now be 
enabled whenever this bank select line 
is high (3 volts or above), and will be 
disabled whenever it is low (0.8 volts or 
below). 

Wait states: 

Some PROMs that you wish to use may 
have access times slower than required 
by your processor. If this is the case the 
ETI-682 may be configured to generate 
one or more wait states when the pro-p 
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HD1 or HD2 LEFT OR RIGHT 
HALF OF HD3 
2758 
| gue 
HD1 or HD2 LEFT OR RIGHT 
HALF OF HD3 
9 78 
8 ogea 
HD1 or HD2 LEFT OR RIGHT 
HALF OF HD3 
92732 
Wate iN al 
86 88 
HD1 or HD2 LEFT OR RIGHT 
HALF OF HD3 


cessor reads from an enabled PROM. 

A monostable, IC13, is provided on 
the board for generating these wait 
states, in preference to using poorly 
defined buss signals such as phi 2 and 
PSYNC. 

If you want to add wait states during 
PROM reads do the following: 

1) Solder in a 1k resistor at R1. 
2) Convert the desired wait state dura- 
tion to nanoseconds (ns) and apply the 
following formula to find the required 
capacitor, C47, value (in pF): 

C47 = 1.84 x (required time). 
3) Solder in this capacitor (C47). 
4) Strap a wire across link L3. 
Locating the banks: 
Each of the two banks on the board may 
be independently located at any 4K 
boundary, no matter what size PROMs 
are being used in each bank. Dipswitch 
DS1 is used to set the start address for 
each bank. Switches 1 to 4 (left half) set 
the start address of bank 1, while 
switches 5 to 8 (right half) set the start 
address for bank 2. The layout of DS1 is 
shown in the diagram below: 
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DIPSWITCHES DS2 DS3, LAYOUT 


The top byte of the required start 
address is set up on the corresponding 
dipswitches (1 to 4 or 5 to 8). Note thata 
closed switch represents a binary one, 
while a binary zero is represented by an 
open switch. This is opposite to most 
addressing circuitries, such as those on 
the ETI-640 and ETI-681. 


Where the PROMs go 


All that is left is to plug in PROMs as 
required. The first PROM in each bank 
is designated PROM 0, and subsequent 
PROMs are numbered from 1 to 7. The 
table below shows the layout of these 
PROMs. 


Chip 
number 
IC14 
IC15 
IC16 
IC17 
IC18 
IC19 
IC20 
IC21 
IC 22 
IC23 
IC24 
1C25 
1C26 
C27 
IC28 
IC29 
Since you won't always have eight 
PROMs plugged into a bank, two dip- 
switches are provided for disabling 
PROMs. Dipswitches DS2 and DS3 are 
used for disabling PROMs in banks 1 
and 2 respectively. The eight switches 
on each dipswitch correspond to each of 
the eight PROMs ina bank. The layouts 
of DS2 and DS3 are the same, and are 
shown in the diagram above. 


PROM 
number 


Bank 
number 
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DIPSWITCH DS1 LAYOUT 


A switch in the on position will enable 
the corresponding PROM while a switch 
in the off position will disable the 
corresponding PROM. By using these 
switches, any number of unused PROM 
sockets may be disabled to avoid 
wasting memory space. 


In use 


It’s about time for an example. Imagine 
we wanted 12K of 2716s in bank 1 (6 
PROMS) located at 1000 hex, and 7K of 
2708s (in bank 2) located at DOOOhex. 
From left to right we set the dipswitches 
as follows: 
DS1: 1 off. 2 off, 3 offand 4 on puts bank 
1 at 1000 hex: 5 on, 6 on, 7 off and 

8 on puts bank 2 at DOO hex. 

2: 1 and 2 off. 3 to 8 on enables the 
first 6 PROMs in bank 1. 

1 off. 2 to 8 on enables all but one 
PROM in bank 2. 

Wraparound 

You probably hadn’t noticed, but the 
ETI-682 allows you to locate large (such 
as 8K, 16K and 32K) blocks of memory 
on finer (4K) boundaries. This address- 
ing flexibility produces an unusual side 
effect. If a bank is located at some high 
address, such as F000 hex, the first part 
of the bank will reside from FO00 hex 
(say) to FFFF hex. The remainder of the 
bank will “wrap around”, and appear 
from location 0 upwards. 

By plugging PROMs into the appro- 
priate sockets this wraparound effect 
may be used to advantage. If you wish 
you could have some PROMs at both 
high and low addresses, using only one 
bank. If wraparound is going to occur. 
and you don't want to use it, simply 
disable the particular PROMs with DS2 
and DS3. 

Finally, a note about different PROM 
types. A variety of ROMs are available 
which are pin-for-pin compatible with 
the corresponding PROMs. Examples 
include the 2308, 2316 and 2332 ROMs. 
which are pin-for-pin compatible with 
the 2708, 2716 and 2732 PROMs re- 
spectively. These ROMs would of course 
be directly compatible with the 
ETI-682. There are many other types of 
PROMs and ROMs and, with a little 
thought, many of these too could be 
interfaced to the ETI-682 PROM board. @ 
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ustralia’s most 
popular computer 
now even better! 


‘ify 


LD 


dQ 


Zi 


Full upper and lower 
case video display 
capability 


All new Expansion 
Unit — you save! 


A brand new model — now with extra value! The 
first row of 16K RAM is fitted as standard in this 
unit, with provision for an extra 16K (which gives 


the System 80/Expansion Unit 48K total Screen print facility 
memory}. And it's $100 cheaper than the (obtain a print-out of 
previous model! It provides as standard, a floppy any ‘page’ appearing 
disk controller capable of controlling up to 4 on the screen) 


single density disk drives. Although the exterior 
of the unit is similar to the previous model, there 
are significant changes internally; the Centronics 
printer port is still standard, but the RS 232C 
interface and connector are now only available as 
an option. The S-100 motherboard has been 


removed, and is available as a second option for 
those who require S-100 expansion capability. WA > 
Cat. X-4005 
$100 less than Cat. X-4020 
previous 


model! 


Built-in speaker 


Give your system 80 the ability to produce music with this 

Sound Synthesiser. It just plugs directly into the expansion $ 50 
connector with the audio output connecting directly into 

the AUX, TAPE or TUNER facilities of most HI-FI amplifiers. 1 7 2? 

Cat. X-3280 


a ee 
THE LATESTIN QUALITY PRINTERS ;/7-#¢ os 
BARGAIN DOT MATRIX PRINTER 5AQ5 


We sold hundreds of the previous model — and it was only for 204mm paper, This new model is the same 
price — but it takes 240mm paper! If you don't need word processor quality — you can save a fortune! 
Cat. X-3250 


A BRAND NEW PRINTER — AND WHAT A BEAUTY! 
Take a close look at this one: a fast (up to 125 characters/sec) dot matrix type with bi-directional printing, : 
which takes both standard stationery as well as standard computer fan-form (sprocketed) paper (front panel $ F 

changeover). And the matrix has been improved to make it look even better. If you don't really need word f 

processor quality, why pay the extra? You'll save hundreds of dollars with this printer! Suits standard 

(Centronics) interfaces. Cat. X-3260 


NEW DAISY WHEEL WORD 
PROCESSOR PRINTER 


This new Dick Smith Daisy Wheel printer delivers ultra sharp copy which Is a definite prerequisite for word 
processing, It will accept standard office stationery or continuous stationery up to 400mm wide. The 
cartridge ribbon and economical Diablo print wheels are freely available, making this a very versatile printer 
with an unbelievable speed of 40 ch/sec. Cat. X-3265 


GREAT VALUE! “ 999 


DICK SMITH 
SYSTEM 80 


Monitor program 
(suitable for the 

“ hobbyist to program 
in machine language) 


VOTRAX TYPE ’N TALK 


With this advanced speech synthesiser, your computer can now talk 
to you simply and clearly — with an unlimited vocabulary. 

By adding a truly flexible and easy to use speech facility to any 
computer, it opens up whole new fields of applications: computers 
for the blind, language teaching, computer-aided teaching for small 
children and the illiterate. And of course, Type ‘N Talk is great fun for 
computer games! Supplied with 240V power supply, a speaker anda 
cable to connect to your computer. Cat. X-3290 


WHAT A PRICE! SHAG 


AMAZING! 
A TELECOM AUTHORISED DIRECT 
COUPLED MODEM FOR LESS THAN $200! 


Yes! Dick Smith's fantastic new Direct Coupled Modem — the ideal 
way for computers to talk to each other. Now available fully built up, 
with approved power supply and detailed user manual, Uses standard 
RS232 interface, fully complies with Telecom and CCIT regulations. 


AND IT'S AROUND HALF THE PRICE OF A COMPARABLE ACOUSTIC 


: ‘199 


Cat. X-3272 


and look at this great 
new software! 


KILLER BEETLES 


Pit your skills against the 
killer beetles. You dig traps 
and when the beetle falls 
in you bury him. Problem, 
they don't stay buried! 
Cassette based, req. 16K. 


Cat. X-3598 $719.50 
GHOST HUNTER 


The aim is to eat the en- 


ergy dots in the maze be- 
fore the ghost can get 
you. Random ‘power pills’ 
will assist you in chasing 
them. 

Cassette based, req. 16K. 
Cat. X-3597 


918.50 


New Exciting Games... 


PENETRATOR 


GALAXY INVASION 


Real time graphics and 
sound, the idea is to des- 
troy the invaders and save 
Earth, but beware of the 


Flagships! 
Cat. X-3693 $25.50 


SUPERMAZE 


The maze game to end all 
maze games. It can gen- 
erate mazes up to 100 x 
100 elements — it can 
take you many hours to 
find the way out! 

Cassette based, req. 16K. 


Cat. X-3672 $14.50 
RAIN ANALYZER 


A most useful program for 
the man on the land, the 
geography student, etc. 
By keying rain patterns for 
your area in the past (these 
figures normally available 
at your local post office, 
etc.) you can predict rain 
fall patterns, volumes. etc. 


Cat. X-3767 $72.95 


DEPTH CHARGE 


The latest version of the 
arcade favourite. Your mis- 
sion is to destroy the en- 
emy submarine pack. Good 
graphics and includes 
sound. 

Cassette based, rea. 16K. 
Cat. X-3686 $174,95 


TREK 78 


The classic computer game 
based on the ever popular 
TV series ‘Star Trek’. This 
game utilises good graph- 
ics and provides contin- 
uous ‘status’ reports. Your 
aim is to destroy the en- 
emy and save the Galaxy. 
Cassette based. 


Cat: X-3644 $117.95 


You are the sole survivor of a fighter squadron, whose mission is to invade enemy defence forces and 
destroy their illegal neutron bomb caches. But the bomb stores have individual defence circles, each 
with its own special dangers. Once you get through and destroy the bomb deposits, you have to return 


through the deferice rings. Cat X-3673 


STOCKMARKET 


$34.50 


For one to four players, accumulate wealth by buying and selling shares. Stay ahead of the market index 
by as big a margin as possible, and watch out for the other players ‘oo! The market index starts at 100 
and is updated each time a share value changes. Financial fun for the whole family, Cat X-3768....... 


These superb disk drives cost so much 
less than the Tandy disk drives. Each 
drive has a high storage capacity — 
40 tracks and is suitable for both 
single and double density recording. 
With double density recording (using 


X-3540 Double Density Adaptor), 
you can store more than 180K bytes per diskette! 

The disk drives are suitable for use with most computers 
and disk controllers using the standard 34 way connect- 
ion bus — such as the System 80, TRS 80 etc. (Don’t 
pay their prices for disk storage.) 


Cat X-4060 Drive 0 
Cat X-4061 Drive 1 


GREAT VALU 


Prices correct and stock available 


as at October, 1982 
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DICK SMITH ELECTRONICs && 


WSW AUBURN 648 0558 — BANKSTOWN SQ 707 4888 — BLAKEHURST 546 7744 — BONDI 
JUNCTION 387 1444 — BROADWAY 211 3777 — BROOKVALE 93 0441 — CHULLORA 642 8922 — 
GORE HILL 439 5311 — LIVERPOOL 600 9888 — NORTH RYOE 888 3200 — PARRAMATTA 
689 2188 — SYDNEY (Bridge St) 27 5051 — SYDNEY (125 York St} 290 3377 — TIGHES HILL 
61 1896 — WOLLONGONG 28 3800 — TAMWORTH 66 1961 ACT FYSHWICK 80 4944 VIC 


MELBOURNE 67 9834 — COBURG 383 4455 — RICHMOND 428 1614 — SPRINGVALE 547 0522 — 
FRANKSTON 783 9133 — GEELONG 78 6766 QLD BRISBANE 229 9377 — BURANDA 391 6233 — 
CHERMSIDE 59 6255 SA ADELAIDE 212 1962 — ENFIELD 260 6088 — DARLINGTON 298 8977 WA 
PERTH 328 6944 — CANNINGTON 451 8666 TAS HOBART 31 0800 
Mail Order Centre: PO Box 321, North Ryde 2113. Phone: (02) 888 3200 
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Project 652 


Atari-type joystick interface 
for the System 80 


This simple add-on interface attaches to the System 80 
expansion connector and permits attachment of an Atari- 
type joystick for graphics or games control. 


SOME OF THE popular cassette-based 
software suitable for the System 80, 
such as that by Big Five and Adventure 
International, calls for an Atari-type 
joystick input for controlling on-screen 
objects. This type of joystick has four 
switches arranged orthogonally and 
activated by a vertical shaft which is 
kept in the upright, or ‘neutral’, position 
by a rubber boot. You grasp the shaft 
with one hand and the base of the unit, 
containing the switches, with the other. 
Angling the shaft in any direction then 
activates a switch or combination of 
switches to indicate the direction of 
shaft movement. Eight directions can 
be indicated: 


L+D _XN,_  D4R 
Qe YY 
v 


The ‘directions’ indicated by movement of the 
joystick shaft. 


A button in the joystick base can be 
activated by the thumb to give another 
function — usually a ‘write’ or ‘fire’ 
function (as in games involving missiles, 
etc). 

These joysticks first appeared with 
Atari TV games and latterly their home 
computers. The same type of joystick is 
available, under the Commodore label, 
for the Commodore VIC-20 home com- 
puter. Dick Smith lists the latter in his 
catalogue, No. X-2020, for $19.95. 
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Geoff Nicholls 


The interface simply attaches to the System 80's expansion connector at the rear of the machine. 


As it stands, the joystick is a ‘5-bit’ 
device — four ‘direction’ bits and one 
‘fire’ bit. Some joystick software requires 
‘4-bit’ input. In this instance, the U and 
D switches are paralleled by the fire 
button. A slide switch provides for both 
4-bit and 5-bit modes of operation. 

The interface is powered from the 
System 80. 


Construction 


We recommend you use our pc board 
design as it simplifies construction 
and reduces the possibility of wiring 
errors. We fitted the pc board into a 
28 x 54 x 83 mm jiffy box (Dick Smith 
catalogue No. H-2755). The 9-way 
chassis-mount plug for the joystick con- 
nector and the 5-bit/4-bit slide switch 
mount on the plastic base of the box 
(which now becomes the ‘top’). Con- 
nection to the System 80 expansion 
interface is via a 50-way edge connector 
and a length of 50-way ribbon cable that 
passes through a slot cut in the side of 
the jiffy box to the pc board mounted 
inside. 


Construction should commence with 
drilling and cutting the various holes in 
the jiffy box. Take your ‘empty’ pc board 
and, using it as a template, copper side 
down, mark the approximate position of 
the 9-way chassis-mount DB plug on the 
outside of the jiffy box bottom. Mark out 
the required hole for it and its two 
mounting screw holes, then mark out a 
suitable position for the slide switch 
slot, on the side opposite the 9-way plug. 
Drill out all of these and carefully file 
the 9-way plug hole and slide switch slot 
to shape so that both components fit 
nearly — from inside the jiffy box. A slot 
for the ribbon cable is cut in one side of 
the box. Drill a line of small holes and 
file the slot edges flat. 

Before mounting the 9-way plug, 
solder 50 mm lengths of 22 gauge tinned 
copper wire to pins 1, 2, 3, 4, 6 and 8. 
These should drop straight down from 
the plug pins. Next solder a 75 mm 
length of three-way ribbon cable to the 
pins of the slide switch. Now both the 
9-way plug and the slide switch may be 
mounted in the box. Bolt the 9-way plug 
in place. We glued the slide switch in — 


The pc board is held inside the jiffy box by the metal panel. Note the piece of insulating material that goes 


over the back of the board to prevent shorts. 


50-WAY EDGE 
CONNECTOR 


““"TOSWAY | 


SOCKET 


SLIDER SWITCH 


SLIDE 
SWITCH 


iy 
METAL REAR PANEL 
OF JIFFY BOX 


Overall view of the finished assembly. 


but don’t be sloppy with the glue or 
you'll gum up the switch! Five-minute 
epoxy is very handy here, and is used 
later, as you shall soon see. 


COMPONENT PINOUTS 
NOTCH OR SPOT 
AT THIS END 
1 
BAND 
a B { « 
DIODES 


PRINTED CIRCUIT ARTWORK for 
this project can be obtained by 
sending a stamped, self-addressed 
envelope to: 

ETI-652 ARTWORK 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011 


joystick interface 


Make up the ribbon cable and edge 
connector now. We used a 50-way edge 
connector that ‘crimps’ on the end of the 
cable, making contact to the wires with- 
out the necessity of stripping the in- 
sulation by means of special pins on the 
connectors. The other end of the ribbon 
cable is fed through the slot in the jiffy 
box for 50 mm or so. Identify the wires to 
be soldered — 1, 2, 3, 12, 14, 15, 16, 19, 
20, 38, 41, 49, 50 — and cut back the 
unused wires about 25 mm. Strip the 
ends of the remaining wires about 5mm 
and tin them. Put the box assembly 
aside for the moment. 

Now the pc board can be assembled. 
The diodes, capacitor and IC can be 
assembled in any order — just watch the 
orientation of the semiconductors. 

Having completed that, the ribbon 
cable can be soldered to the board — 
make sure the wires are in their correct 
places, though. It’s worth a double 
check. The pc board has been laid out to 
make this part of the job relatively easy, 
however. Now wire in the slide switch. 
Adjust the ribbon cable such that the 
full 50 wires (i.e: the uncut section) 
protrude through the inside of the box 
about 15 mm or so. Run a bead of five- 
minute epoxy along the cable right at 
the slot and let it set. 

After the epoxy has set, put 10 mm 
lengths of spaghetti insulation over the 
tinned copper wires on the 9-way plug. 
Feed the wires through the correct holes 
in the pc board (which should be pretty 
well beneath the socket when lined up to 
go in the box) and push the board into 
the box. Straighten the wires by pulling 
them gently with pliers and solder each 
of them. Cut a piece of thin cardboard or 
plastic to fit over the rear (copper side) 
of the pc board to stop the metal lid from 
possibly shorting the tracks. Put this in 
place and secure the lid. > 


PARTS LIST — ETI-652 


sly waties vipsos od 47n greencap 


Miscellaneous 

ETI-652 pc board; UBS jiffy box (28 x 54 x 83 mm) 
or similar; 50-way edge connector socket; 
300 mm length of 50-way ribbon cable; 9-way DB 
plug, chassis-mount, to suit joystick line socket 
connector; SPDT slider switch; nuts, bolts, glue 
etc. 


Price estimate 
$35 — $40 


(includes joystick) 
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HOW IT WORKS — ETI-652 _ 


Cas) 10ne 
The joystick unit itself comprises four IN.A7 14], = Bag p 2 
direction switches and a fire switch in a square, (PORTS 00-7F) | 4 Dp O ec - 
shallow case, operated by the stick which you 7° CO ° 19 9 f rit C41) RD 
grasp in your hand. A cable and 9-way plug 7 3 f 6 RD. 10RQ 
provides connections. When a switch is => INA7 
activated, it connects one of the pins 1, 2, 3, 4 
or 6 in the plug to the common line — pin 8. The 
five switches are encoded into either four or 
five data bits according to the position of 
switch S1. The five-bit mode connects each 
switch to a separate data line. The four-bit 
mode indicates the fire switch by activating 
the UP and DOWN line simultaneously, via 
diodes D5 and D7. The four-bit mode is pro- 
vided to ensure compatibility with early joystick 
software. 

The System 80 data buss is pulled high by 
internal resistors. The joystick therefore uses 
an active low to indicate a key closure. IC1, a 
quad NOR gate, decodes the control signals 
1ORQ, RD and address buss bit 7 to make the 
interface appear to the computer as an |/O 
device occupying input ports 00 to 7F. This 


leaves 128 input ports free for other purposes. DS 

When the computer executes an INPut in- 

struction within the range 00 to 7F, pin 1 of IC1 

goes low and allows the data buss lines to be D7 
selectively pulled down via the joystick SYSTEM-80 EXP. CONNECTOR 4 
switches and the diodes, which prevent the ict, % 

buss from being affected when the joystick Circuit of the interface. 


interface is not selected. 


—7402 


| +5V 


D1 


D2 


D3 


Trying it out 

This is only a matter of plugging the 
joystick into the interface, then the 
interface into the System 80 and testing 
it with some suitable software running. 
You can try a cassette program or key in 
the program listed here. Any problems 
encountered are almost certainly due to 
wiring errors. A re-check of your wiring 
and orientation of components on the pe C)FIRE’ 
board should throw some light on the 
problem. ® 


View of the completed interface. Note orientation —_ Circuit of the joystick showing pin connections on 
of the 9-way DB plug and location of the slide the 9-way line socket. 


switch. 


JOYSTICK DEMONSTRATION PROGRAM 78 IF A>7 THEN X=X+1 : A=A-8 

5 REM: POSITION CURSOR IN CENTRE 88 IF A>3 THEN X=X-1 : A=A-4 

16 CLS: X=63 : Y=23 9% IF A=2 THEN Y=Y+1 

15 REM: READ AND INVERT JOYSTICK 19 IF A=1 THEN Y=Y-1 

26 Az=255 = INP(Z) 195 REM : THIS SECTION WRAPS THE SCREEN AREA AROUND TO AVOID AN 

22 REM: SET POINT UNLESS FIRE BUTTON ON 16 REM : ERROR MESSAGE CAUSED BY AN OUT OF RANGE PLOT INSTRUCTION 
25 SET(X,Y) 11g IF X>127 THEN X= 

38 IF A>15 THEN RESET(X,Y) : A=A-16 126 IF X<@ THEN X=127 

35. REM: FLASH CURSOR ONCE , BUT LEAVE IT THE SAME 138 IF Y>47 THEN Y=@ 

48  C=POINT(X,Y) 146 IF Y<@ THEN Y=47 

58 IF C= THEN SET(X,Y) : GOSUB3Q% : RESET(X,Y)': GOT 79 145 REM: LOOP BACK TO START 

68  RESET(X,Y) : GOSUB3@% : SET(X,Y) 158 GOTO 26 

65 REM: THIS SECTION UPDATES CURSOR POSITION ACOORDING TO JOYSTICK 295 REM : DELAY ROUTINE POR FLASHING CURSOR 

66 REM: DIRECTION. IF JOYSTICK IS IN CENTRE A=@ AND IT FALLS THROUGH 302 FOR N=1 TO 26 : NEXT N : RETURN 

This program puts up a flashing cursor in the middle of the screen. When you the joystick shaft. You can move the cursor without writing by holding down the 
move the joystick the cursor ‘writes’ according to the direction in which you move ‘fire’ button. Now try writing your name! Have fun with your joystick. 
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Pulse-width technique 
effects cassette read/write 


25 times faster than Kansas 
City Standard 


The author devised a method of obtaining 2K cassette 
data transfer on his Z80 starter kit — a considerable speed 
increase over the 81 Baud Kansas City standard rate! 


KANSAS CITY (KC) transfers data to 
cassette nominally at 300 Baud, which 
is effectively reduced to 100 Baud by the 
KC standard, and further reduced to 
81 Baud by the Intel block format. This 
means that a 1K byte transfer takes 
100 seconds plus the 30 second leader, or 
a system dump of 64K bytes takes 
eternity! (Actually, 108 minutes). 

There are other annoying restrictions 
too. Because tape dumps are true 
dumps, relocation is not possible, nor 
are named records. 

For many enthusiasts using small 
budget home computers, who cannot 
afford a floppy disk, the realms of 
effective computing can still be attained 
with the pulse width modulation 
(PWM) technique described in this 
article. The performance is relatively 
impressive. 


Specification: 
Leader: 

Transfer rate: 
Effective transfer rate: 
Data density: 


Error rate: 

Relocating dumps: 
Programmed transfers: 
Named dumps: 

Named files: 


Directoried tapes, although not yet 
attempted, should be possible. However, 
speed would still be a problem. 

The system proposed here has been 
implemented on a Z80 starter kit and 
has been operational for some time with 
excellent results. The standard KC 
interface supplied with the kit requires 
no modification at all. The Z80 starter 
kit uses a Z80 CTC as the programmable 
timer for tape writes on a $25 Sanyo 
cassette .recorder using a variety of 
tapes, including TDK endless tapes as a 
‘stringy floppy’. 

The same interface reads and writes 
data in either the KC or PWM mode 
without any signal level adjustment. 
Error rates are very low. In one test, 
over 300 million bits were read from a 
TDK 20 sec endless tape without error. 

Some experiments have been made to 


Four Seconds of marks. 
2K7 Baud. 

2KO Baud. 

1500 BPI at 1% inch/sec. 
Less than 1 in 10. 

Yes, implemented (Z80). 
Yes, implemented (Z80). 
Yes, not implemented. 
Yes, not implemented. 


ad. Knop 


get even higher speeds. A 3K4 Baud 
version did run for some time with some 
increase in error rate. Substantial 
increases in speed can only be made 
with servo-controlled tape drives. It is 
felt that the present system at 2K Baud 
represents a worthwhile improvement 
factor of 25 over the KC rate of 81 Baud, 
and that there is no real need to sacrifice 
reliability for additional speed. 


What is PWM? 

Pulse width modulation implies that 
data is represented by the length of 
pulses. This is made particularly easy in 
binary systems, with just two different 
durations. 

Some PWM methods use a variable 
length pulse within a fixed period, as is 
shown in Figure 1, which keeps the bit 
rate constant. 

However, the scheme adopted here 
extends the pulse width over the whole 
period (perhaps it should be called 
‘frequency modulation’). Now the bit 
rate depends on the data, and transmis- 
sion rates vary. Figure 2 shows that the 
actual signal polarity is of no conse- 
quence. The bit rate is defined as a half 
cycle of 2 kHz, or 500 microseconds, to 
represent a binary ‘0’, and a half cycle of 
4 kHz, or 250 microseconds, to represent 
a binary ‘1’. 
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The standard KC byte format is: a 
start bit followed by eight data bits 
followed by two end bits. The start bit is 
a binary ‘0’, called a space; the end bits 
are binary ‘1s’ called marks. 

PWM maintains this scheme and a 
byte of all 1s shown in Figure 3 and 
another byte of all Os in Figure 4. 

From Figure 4 it can be seen that a 
byte of all Os is 10 spaces long, which 
equals 5 milliseconds, and from Figure 
3, that a byte of all 1s is 12 marks long, 
which equals 3 milliseconds. 

If we were to assume that the average 
occurrence is 1s equals Os, then the aver- 
age transfer rate per byte (byte rate) is 
4 milliseconds. The truth of the above 
assumption depends of course on the 
microprocessor instruction set and 
instruction usage. The Z80 frequently 
favours ls by asmall margin. 

Of course, the average bit rate by the 
same assumption is then 365 micro- 
seconds, giving an average rate of 2K74 
Baud. 


Record format 


A record is a complete transfer, com- 
prising the four-second leader of all 1s, 
followed by a start-of-record (SOR), 
then the block-structured data with 
checksums, finishing with end-of-record 
(EOR). 

The record structure is: 


4SEC LEADER 

SOR = ASCII D\0F Ex) 1BYTE 

# OF BLOCKS THISRECORD 1BYTE 

UP TO 256 BLOCKS OF <256 BYTES 
BINARY DATA EACH BLOCK 
EOR = ASCII'ESC’(1Byj¢x) 1 BYTE 
The block structure is: 

# OF BYTES THIS BLOCK 1 BYTE 

UP TO 256 BYTES OF 

BINARY DATA (256 BYTES 
CHECKSUM OF ALL BYTES 

THIS BLOCK 1 BYTE 


A record may contain up to 256 blocks 
of 256 bytes each, which makes a total of 
65 535 bytes. A complete system dump 
of 64K bytes can be done in 64 x 4 sec 
= 4min 16 sec—a worthwhile improve- 
ment over the 108 min in KC! 


How to implement 


The implementation rests on three 
restrictions: 

A. To read the recorded data the com- 
puter must be able to read the squared 
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Figure 1 
START END 
—_——_—_—_- oO 
BIT mle BIT 
0 18 ae 0 : us Figure 2 
ae <«— DATA-_—_» END 
SITS 
BYTE OF ALL 1s 
Figure 3 
BYTE OF ALL 0s 
Figure 4 


data stream from the cassette recorder, 
which normally goes to the KC fre- 
quency detector, and must be able to 
sample this data at least once every 
80 to 100 microseconds. 

B. To write the record the computer 
must be able to set bit rates precisely. A 
programmable timer such as the CTC is 
well suited. 

C. Because of precise timing require- 
ments, a machine language program is 
necessary, and any other interrupt 
must be turned off. 


Sample implementation 


A. In hardware 

On the Z80 starter kit, PWM has run 
sucessfully for some time with no hard- 
ware modification at all. The supplied 
KC interface provides for direct reading 
of the buffered and squared data from 
the cassette on bit 6 of the hex keyboard 
pad. Originally, the manufacturer 
intended to provide a facility to detect 


the bit rate of incoming data for the KC 
read program, but did not implement 
this in software. 


B. In software 
A read program (RD.2K4) and a write 
program (WR.2K4), together with the 
necessary support routines, are listed 
later. 

A study of the listing will show that 
the programs: 
1. Use the privileged ‘halt’ instruction. 
2. Do not check for presence of a 
cassette, or have motion commands. 
3. Interrupts are live in WR.2K4, but all 
interrupts other than the CTC must be 
inhibited. 
4. Programs are callable. 
5. Error detection is included but report- 
ing is done by error trap. 


The listings have special symbols added 
todraw attention to a number of specifics: 


*IO* Denotes specific Z80 starter 
kit I/O instruction. 
*MY* Denotes specific I/O 


instruction in ‘MY’ system. 
Denotes time constant based 
on the use of the Z80 CTC ata 
clock rate of 2.25 MHz. 
Denotes external subroutine 
also listed. 

Denotes error trap. The listed 
programs detect three types 
of error (Lost Sync!, 
Checksum Error! No EOR 
Found!) and set an error code 
in Reg. E. The fatal error 
handler is a trap to address 
0010 in ‘MY’ system and not 
listed here. 

Denotes interrupt vector. 


*TC* 


*TV* 


What are the problems? 


The programs listed have run without 
fault for a year. A 2K byte record on a 
20 second endless TDK tape was con- 
tinually read for eight hours without a 
single error. This involves finding the 
start of the record each time round. This 
is of course only an indication of the 
possible reliability. 

Endless tapes are of particular value 
here and programs could be developed 
to implement complete file structures 
and file directories. Long endless tapes 
may possibly be troublesome if they 
increase the wow of a cheap rubber- 
band-driven cassette recorder. I have 
not used any tapes longer than 90 sec- 
onds. For records longer than 16K it is 
just as useful to use standard cassettes. 

I prefer to use 20 second tapes. They 
can contain 3K — a very useful size. 
Endless tapes do bring their own 
problems. 


+5V 


OUTPUT 
TO CASSETTE 
AUX JACK 


DATA TRANSMITTER TO CASSETTE 


OV 
Figure 5 


DATA RECEIVER FROM CASSETTE 


A. The tape is too short, resulting in 
overwritten start of record. Answer: 
Include in calling program some 
check on length of tape required to 
give a reminder. 

B. You forget to stop the tape at the end 
of a tape write, resulting in no data at 
all. Answer: Only motion control 
fixes this one. 

C. Your new record is embedded in an 
old record, which may include a start 


Program Listing 


PWM MODES 


Figure 6 


of record mark. Answer: (Bulk) erase 
tapes, when not busy. 


Conclusions 


The reliability and ease of use of PWM 
mode are a considerable improvement 
over KC and are worthwhile in small 
systems, where the addition of a floppy 
disk is not intended. Hardware cost is 
very low, and software implementation 
requires only 276 bytes. Good luck! 


DATA RECOROING/RETRIEVAL METHOD USING PHM 


(PULSE WIDTH MODULATION) WHICH USES A SINGLE CYCLE OF 

QKHZ (MARK) AND 2KH? (SPACE) FREQUENCTIES,TO WRITE TO 

A CASSETTE AT AN AVERAGE RATE OF 4 MILLISEC. /BYTE, 

WHICH EQUALS 250 BYTES/SEC, OR 15K BYTES/MIN, OR 2K75 BAUD, 


AND BITS TO BE WRITTEN, SUCH AS PARITY,START BIT, STOP BIT, 
THE RATIO OF # OF BITS SENT/# OF DATA BITS 78 

QUITE GOOD AT 1.36 (COMPARE THAT TO KANSAS CITY WITH 3,7) 
THE EFFECTIVE BAUD RATE THEN IS8 2K75/1.36 8 2K BAUD, 
CKANSAS CITY I8: 300/3,7 98 81 BAUD). 

HENCE THIS METHOD IS 2000/81 = 25 TIMES FASTER THAN K,C, 


/ 
4 
/ 
/ 
/ 
/ TO WRITE DATA TO A SET FORMAT REQUIRES SOME CONTROL BYTES 
/ 
/ 
/ 
/ 
/ 
( 
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~nN nN NS AR NR DN DAD DR QV YYW A YW AW BWW A YR XK YW AQAA QA AY 
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BYTE FORMAT ISt 

START BIT (€ BINARY @) 
8 DATA BITS 

2 ENDBITS (¢ BINARY 1) 
RECORD FORMAT IS3 


4 SECOND LEADER OF ALL 1°S, 


START OF RECORD MARK (ASCII 0.OF HEX,) 1 BYTE. 

# OF BLOCKS IN THE RECORD (256 MAX,) 1 BYTE, 

BLOCK FORMAT 1S! 

# OF BYTES IN THE BLOCK (256 MAX.) 1 BYTE, 

BINARY DATA BYTES (256 MAX.) < OR = 256 BYTES. 
CHECKSUM OF ALL 8YTES IN THIS BLOCK, { BYTE, 

END OF RECORD MARK CASCIT ESC,16 HEX.) 1 BYTE, 


TOTAL RECORD LENGTH IS 256 BLOCKS OF 256 BYTES. 


TO WRITE A RECORD, THE PROGRAM NEEDS START AND 
FINISH ADDRESS! 

START ADORESS IN REG, PAIR HL, 

FINISH ADDRESS IN REG. PAIR DE. 


TO READ A RECORD, THE PROGRAM NEEDS ONLY THE START 
ADDRESS IN MEMORY, 
START ADDRESS IN REG, PAIR DE. 


wean PROGRAMS ARE CALLED WR,2K4 AND RO,2K4 BECAUSE THAT 


WAS THE ORIGINAL TARGET BAUD RATE,WHICH WAS EXEEFDED, 


] 
7 M.O0R.,S3 INTERUPT SERVICE TO SET MARK (CFai) OR SPACE (CPF80), 
/ 
@5B85 cs M.OR.S% PUSH Bc / SAVE B8LK.82Z & CHECKSUM 
RlOR A586 e18sas LD 6C,#8585/ CTC CONTROL & PORT 865, 
a5B89 Ena OuT (C),8 ’ TC TO FOLLOW. 
wr¢c + O5BB 62% LO B,#e3 / PRESET WITH MARK FREQ, 
@560 38ne IR C SKIP / BUT IF CFa@ 
mTC 4 OSBF 0646 LD B, #46 / RESET WITH SPACE FREQ, 
wese25Ci c39an4 SKIP JP SPACE / SET FREQ. & EXIT. 
/ 
/ 
7 BLOCKS WRITE A BLOCK OF SIZE (REG. B) TO TAPE FROM MEMORY (HL), 
/ KEEPING RUNNING CHECKSUM CREG. C), 
/ 
@SC4 78 BLOCK: LO A,B / QuTPUT BLK,.S82Z, 
@escs cooaas CALL BYTE 
os5c8 7E GATA LO A, CHL) / QUTPUT DATA 
o5c9 cnoaas CALL BYTE 
@S5CC 23 INC HL 
asce 10F9 OJ N7 DATA / UNTIL BLK,SZ300, 
@SCF 79 LO A.C / OUTPUT CHECKSUM, 
/ 
/ 
/ BYTES aRITE AN ® BIT AHYTE (REG, A) TO TAPE,PRECEDFD By A 
/ STAPT BIT AND TERMINATED BY A ENDBIT, 
/ KEEP CRECKSUM (REG, C) ANDO ELOCK SIZE (REG. 8). 
/ 
esne C5 RYTES PUSH 6c / SAVE BLK.SZ,CHECKSUM, 


BIT COUNTER, 

SET START BIT, 

WAIT FOR INT. 

SET DATA BIT TO CF, 


SET ENO BYT. 
SEND 2 ENNBITS,. 


NEw CHECKSUM, 


UP TO 256 (256 I8 DEFAULT). 
UP TO 256 (NO DEFAULT). 


SAVE DATA POINTER, 

SWAP TO CALCULATE 
SIZE,ZERO CF, 

H = # OF BLOCKS, 

 § # BYTES/LAST BLOCK, 
SET UP CTc CH.1. 

SET MARK, 

SET 4SEC, LEADER, 


WRITE START OF REC, 
a # OF BLOCKS, 
INDEX # OF BLOCKS, 
INOEX # OF BYTES, 
DATA POINTER, 

COPy # OF BLOCKS, 
TO TAPE, 


SET MAX,# OF BYTES, 
CLEAR CHECKSUM, 

CHECK IF LAST BUT fi, 
BLOCK, 

IF IT IS GET # OF 
BYTES OF LAST BLOCK, 
SEND A BLOCK OF DATA, 


UNTIL ALL DONE, 
NOW SEND EOR, 


7 NEED 1 MORE TRANSITION 


TURN OFF CTC & RETURN, 


OF HEX, KB, INTERFACE, 


/ FINO TRANS, 
/ AND TIME IT 
/ ZERO COUNTER, 


asni C609 LD R,#e9 / 
aso3 ET? CCF / 
a5N4 76 NXT HLT / 
e505 17 RLA / 
@S06 LAF OJ NZ NXT 
@508 37 SCF / 
asb9 To HLT 
ASDA 76 HLT / 
@5DN8 ci POP BC 
@50C a1 ADO C 
aSnn aF LO C,A / 
“SDE C9 RET 
we WRe2KG3 WRITE DATA IN 2K4 BAUD PWM MODE STARTING AT (ML) 
/ AND FINISH AT (DE),IN BLOCKS OF UP TO 256 BYTES, 
/ # OF BYTES/BLOCK? 
/ # OF BLOCKS/RECORD! 
/ (HL) FIRST DATA BYTE POINTER, 
/ (DE) LAST DATA BYTE POINTER, 
/ 
@SOF ES WR,2K4E PUSH HL / 
O5EO EB Ex HL,DE / 
@SE1 AF ZAC / 
B52 E052 SBC HL,0E / 
@SE4 ES PUSH HL / 
ES OSES cOC4e6 CALL SETUP / 
¥SE8 37 SCF / 
@SE9 65 40 Hol / 
RES O5EA CoBaAs CALL WAIT 
@S5ED FB EI 
QSEE cvoaes CALL BYTE / 
OSFi O41 PoP dE / 
QSF2 14 INC n / 
OSF3 1c INC E / 
OSF4 E1 PoP HL / 
USFS 7A LO A,O / 
O5F6 copaas CALL BYTE / 
OSF9 AF DATA ZAC 
OSFA 47 0 B,A / 
OSFB aF LO C,A / 
O5FC 3C INC A / 
@SFD BA cP 1) / 
Q5FE 201 JR NZ = SKIP / 
0600 43 Lo B,E / 
0601 cocaas CALL BLOCK / 
0604 15 VEC D 
0605 20F2 JR NZ DATA / 
2607 3E18 LO A,#18 = / 
8609 cooeas CALL BYTE 
@60C 76 HLT 
@6a0 C33Fa5 JP DONE / 
/ RESYNCE FIND A LEVEL TRANSITION IN BIT 6 
/ SYNCS AND TIME IT, 
/ SET CF = 1 IF THAT LEVEL WAS SAMPLED < 15 TIMES, 
/ SET CF 2 0 IF LEVEL WAS SAMPLED MORE THE 15 TIMES, 
/ 
B61M C0136 RESYNC8 CALL SYNC 
0613 0s SYNC! PUSH bE 
614 1EBa LO E, #00 
alm A616 pagan IN A,(99) 


/ REAO KB, 
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0618 Eoan ANO #40 / KEEP BITS ONLY 
G61A 57 LO 0,A / KEEP TT, 
0618 ic TRANS INC E / COUNT IT. 
#10" BZO1C B9a IN A,(9@) / NEW SAMPLE, 
O61E Feaa AND #40 
86am RA, cP 0 / CHANGED? 
O6e1 eBFaA JR 7 TRANS 4 NO! 
WTC 0623 3EOF LO A, ROF / READ TC, 
2625 aad cP E / <« OR ® 15? 
0626 3F CCF 
G6e7 nt POP DE 
abe8 c9 RET 
/ BYTES SYNC ON A STARTBIT, THEN SERIALLY ASSEMBLE A BYTE 
/ AND DETECT THE ENOBIT, 
/ REPORT LOSS OF SYNC IF START OR STOP BITS NOT FOUND, 
/ 
0629 CO1aa6 BYTES CALL RESYNC / FIND STARTBIT. 
@62C 3811 JRC ERR,@1 / CF MUST BE Q,. 
@62E 119802 FIRST! LO DE, #@800/ START FOUND, 
@631 CD1306 DATA CALL SYNC / PRESET REG,& 
0634 cBi2 RL D / ASSEMBLE DATA, 
0636 10 DEC E 
0637 20F8 JR NZ DATA / GOT 8 BITS,NOW 
8639 CO13a6 CALL SYNC / FIND ENDBIT. 
@63C 3826 JRC XIT / EXIT IF FOUND, 
/ 
Q63F 7c ERR.@1 LO AoH / TEST IPF THIS 
Q63F B7 OR A / 18 THE LEADER, 
2642 28E7 JR 2 BYTE / TRY NEW SYNC, 
/ 
Q642 1c INC E / ELSE REPORT 
KET 8643 07 RST 10 / ERROR TYPE @1. 
/ 
8644 7A XIT LD AD / GET DATA 
2645 ai ADO c / ADD CHECKSUM, 
2646 4aF LO CyA / COPY NEW CH, 
Q647 c9 RET 
/ BLOCK: READ A BLOCK OF DATA FROM TAPE WRITTEN IN PWM MODE, 
/ 
0648 cs BLOCK: PUSH BC 
2649 CD29a6 CALL BYTE / GET BLOCK SIZE 
Q64C 42 LD B,D 
@64D aA LO c,0 / 1S CHECKSUM, 
Q64E CO29nM6 DATA CALL BYTE 
0651 72 LO (HL) 40 
0652 23 INC AL 
2653 10F9 OJ NZ DATA 
8655 ai LO B,C / SAVE CHECKSUM, 
0656 Cb2906 CALL BYTE / GET CHECKSUM, 
2659 7A Lo A,0 
Q@65A 90 SUB B / COMPARE BOTH, 
2658 C1 POP BC 
@65C c8 RET 2 
/ 
265D 1ERY ERR.OO LD E,#00 / REPORT TYPE a9 
MET O6SF D7 RST 10 
ake RD,CKGE READ A TAPE DUMP wRJTTEN IN PwM MODE, 
/ AFTER THE 4 SEC. LEADER LOOK FOR SOF (QF HEX,), 
/ THEN # OF BLOCKS FOLLOWED BY THE BLOCKS OF NATA, 


/ READ THESE BLOCKS THEN LOOK FOR EQR (1B HEX,). 


/ 
/ 
/ 
/ 
2668 D5 
A661 AF 
0662 7 
0663 F3 
Boba COL3AK 
Q667 38FB 
0669 Ch2EN6 
@66C TA 
2660 FEOF 
Q66F 2ar3 
0671 CD2906 
Q674 4e 
0675 El 
0676 CO48Qs 
2679 10F6 
0678 CN29M6 
BO7E 7A 
Q67F FE1B 
2681 c8 
0682 1€@2 
WET 2684 D7 
@68a5 3FaciB 
/ 
ae WAITS 
/ 
/ 
/ 
/ 
2680 FB 
@6B1 76 
@6B2 ac 
Q6B3 2QFB8 
@6B5 24 
Q6B6 20Fa 
Q6B8 F3 
@6B9 C9 
/ 
/ 
we ASCIND? 
xe BINASC? 
/ 
Q6BA 7E 
@6BB EOOF 
@660D C69” 
Q6BF e7 
mec Ceaa 
a6Ce2 27 
26C3 c9 
/ 
/ 
/ SET,UP 
/ 
/ 
210 «©@6C4 C38C 
wmy @6C6 0397 
wiv 86C8 218545 


REPORT CHECKSUM ERRORS AS °BAD DATA®, 
REPORT LOSS OF SYNC AS "BAD SYNC*, 


REPORT LOSS OF FOF AS 
RD,2K43 PUSH 
Zac 


LEAN CALL. 


DATA CALL 


ERR,O2 1D 


QUERY: ,TXT 


"no ENF?, 
DE 
H,A / 


SYNC / 
LEAD 
FIRST / 
A,D / 
#O0F 

LEAD 

BYTE 

B,D 

AL 

BLOCK 
DATA 

BYTE / 
A,D 
#18 / 
/ 
E,#02 / 


"2VeL>eiB 


LEADER FLAG, 
LEADER IS 1°S, 


FIND START, 
TS IT OF? 


GET THE CHECK, 


EOF? 
YES! EXIT. 
NOL REPORT IT, 


WAIT HERE UNTIL HL IS DECREMENTEO TO ZERO, 
HL ITS DECREMENTED EACH TIME THERE IS AN INTERUPT 


USUALLY FROM THE CTC, 


HL & 2F # @ ON EXIT,INTERUPTS OISABLED, 


WAITS EI 
HLT 
INC 
JR NZ 
INC 
JR NZ 
OI 


/ TURN ON INTERRUPTS, 
/ WAIT FOR IT! 


L 
WAIT 
H 
WAIT 


CONVERT A LOW NIBBLE FROM (CHL), 


OR FROM REG, A TO AN ASCII CHAR, 


ASCINO? LO 

BINASCs ANDO 
AOD 
DAA 
ADC 
DAA 
RET 


IN REG, A, 
A, CHL) 
#OF / KEEP LOW NIBBLE, 
#90 


#49 


TURN OFF TRE HEX, & ASCII KEYBOARDS, 
SET CTC CH. 3 TO INTERRUPT, 


SET,UP: OUT 
our 
LO 


(8C),4 / TURN GFF HEX. KB, 
(97),4 / TURN OFF ASCII k.B, 
HL,#BS535/ GET INT, SERV, ADDRESS, 
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DECREMENT REG, 
PRESET REG, 


Io @6CB 1858S 
wTC BOCE 3FOF 
G6Dh C36AnA4 
4 
ae CTCS 
x Crc.CB 
we CTC,TC 
/ 
/ 
Q460 CB78 
2462 2819 
0464 FS 
0465 C5 
0464 719 
2467 EES4 
0469 17 
C46A GF 
Q46B M627 
@460 78 
Q46E EDU? 
OaTta 70 
A471 We 
C472 a3 
2473 7c 
@474 te 
Q@475 3EAA 

KIOG477 0384 
04a79 Ci 
Q4TA Fj 
Q47R EUSE 
/ 

HIOQATD Eba4 
BaTF CB4&8 
C481 ca 
/ 

k108482 EN79 
Qasa C9 
/ 

/ 

7 CrTcis 

/ 

/ 

0485 3? 
6486 eu15s 
@488 CS 

wto0489 18585 
@48C EDa, 
Q48E ZERA 
04940 H63A 
0492 CHb6e 
0494 ebAu 
0496 Zeqa 
0498 610 
@49A E041 
049C Ci 
0490 FB 
C49E Eben 
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BC, #854S/ & CTC CHANNEL & MODE 


A, #UF 


crc 


/ & TC, THEN 
/ SET THE crc, 


UP INT, VECTOR (HL) AT 2@A0(CH.2) TO 20A6(CH,3) WMY 
CHANNEL (C) WITH CONTROL BYTE (8) 

TIMECONSTANT (A), 
CHANNELS @ TO 3 ARE PORTS 84 TO 87 RESPECTIVELY, #!0 


CTC: 


cTc,CB 


CTC,TC 


CTC1s 


SPACE? 


XIT 


TST 
JR Z 
PUSH 
PUSH 
LO 
XOR 
RLA 
LD 
LD 
LQ 
LIA 
LO 
0 
INC 
LO 
LU 
LD 
OUT 
POP 
POP 
IMe 


OuT 
TST 
RET NZ 
QUT 
RET 


QEC 
JRONZ 


A 
XIT 
aC 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


~ 


~ 


/ 
/ 


BC,#8585/ 


(C),B8 
A,4#@8 
B,#3A 
4,0 
SPACE 
A,#1Q 
B,#10 
(C),8 
ac 


/ 


~~N NNN NN 


INTERUPTS? 

NO} JUST SET CONTROL. 
SAVE TC, 

SAVE CB & CHANNEL, 
COPY CHANNEL. 

AND #03,"2,A0D #AQ,CCF 
2 

3..8, OF VECTOR, 

sH.B, 


H.B. TO CPU I,V. 


NOW SERV, ROUT, 
TO VECTOR 


L.8. TO CTC 
CHANNEL @, 


TO TO FOLLOW? 


A & EXIT IF NOT A2,ELSE SET MARK/SPACE FREQ, 
A WITH R(SPACE) OR 16(MARK), 


JuST EXIT, 

SAVE CHECKSUM,REC,SZ. 
B=CONTROL, CECHANNEL, 
CONTROL To CTC1. 

# OF CYCLES FOR SPACE, 
TC FOR SPACE, 

MARK BIT SET? 

VO! 

# Q@F CYCLES FOR MARK, 
TC FOT MARK, 

Tc TO CTC{, 


INE TODAY 


Music-making micros 


Here's a tuneful diversion for those who own a System 80 
or TRS-80. Soothe that savage beast. 


IF YOU’VE EVER become bored while 
looking at your computer’s display in 
stony silence, you might have thought of 
trying your hand at  computer- 
generated music. Failing that, you 
might at least want to generate the 
bleeps, bloops and blips which help to 
make some games so addictive. 

Some computers have built-in loud- 
speakers, but that makes life too easy. 
With others, like the TRS-80, you can 
drive (for example) the cassette I/O port 
into a soundbox; given the right signals, 
that can make some interesting noises. 
A few computers, and the System 80 is 
an excellent example, make life much 
more complex, however. 

Although the System 80 is in some 
ways like the TRS-80, its built-in cas- 
sette means that the Tandy trick will 
not work. True, it has a cable for a 
second cassette port, but have you ever 
tried controlling it via machine code? 
It’s not as easy as it might be. I know 
that you could buy a sound kit, but 
that’s the coward’s way out. 

In this article, I'll outline the simplest 
way of generating music with a micro, 
and describe how, if you’re lucky, you 
can modify the TV you're already using 
as a monitor so that it can also act asa 
soundbox. We’ll then explain one way in 
which you can make the System 80 talk 
to that, or any other, soundbox via its 
second cassette interface. 

To complete the picture, there’s a 
short machine-code subroutine and an 
accompanying Level II BASIC program 
that will actually produce a tune from a 
System 80 or a TRS-80. Don’t expect 
Beethoven though — the simple 
approach described generates a square 
wave signal which will normally be 
filtered by the TV’s rotten amplifier and 
loudspeaker into something approach- 
ing a mixture of sinewaves. 


Making noises 

The simplest and cheapest way to get 
notes out of a micro is to use the system 
to generate an audio frequency square 
wave. A computer can produce a square 
wave much more easily than a pure sine 


Figure 1. The ‘nested loop’ method of note genera- 
tion in flowchart form. 
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wave — it’s a digital device, and switch- 
ing a signal line backwards and 
forwards between ‘0’ and ‘1’ at regular 
intervals will do the job. The trick 
comes when we consider how to 
generate a signal of the right frequency 
and duration. 

Since we are looking for the simplest 
possible system, the easiest way to get 
the frequency and duration is via a pair 
of nested loops in a short program. 
Figure 1 is a flowchart that shows the 
principle. The inner loop, which 
generates the note, is controlled by 
counter Y, which is initialised to a value 
such that the inner loop runs for exactly 
half the period of the desired note. For a 
note of frequency ‘f, the length of this 
inner loop (‘t’) is given by: 


ae 

af 

At the end of each Y-loop, the output 
level is flipped — two flips and the com- 
puter has generated a single cycle of the 
waveform. 

The duration of the note is controlled 
by the X-loop, which directly controls 
the number of cycles generated. For a 
half-second of A’ (440 Hz), X would have 
an initial value of 220, less any allow- 
ance for the routine’s incidental activi- 
ties. It is not so easy to calculate what 
value of Y to use for any given note, 
since this will depend on minor factors 
such as the program used, what micro it 
runs on, the system’s clock speed, etc. 
Later in this article we’ll describe a Z80 
routine to do the job, with timings for a 
TRS-80 or System 80. 

Why is it acceptable to produce a 
square wave instead of the sinewave 
that would presumably be the optimum 
answer? After all, an elementary 
knowledge of Fourier analysis (!) tells 
us that a square wave is made up of 
many notes, all multiples (harmonics) 
of the basic frequency (the fundamen- 
tal). In fact, the technique relies on two 
phenomena. 

In the first place, unless you are using 
a very hi-fi system as a soundbox, it will 
greatly attenuate frequencies above > 
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DEMODULATOR 


Figure 2. The block diagram of the TV audio chain. 
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Figure 3. Where you need to break the chain for the jack socket. 


around 4-5 kHz. This will filter off the 
higher harmonics but won’t do much for 
the lower ones, which contain most of 
the distortion anyway. 

The second, and more important, 
reason relates to the way that your ears 
and brain work. If you listen to a square 
(or any other) wave, you perceive only 
the fundamental. You do not hear the 
harmonics as discrete notes, but only as 
a harshening of the fundamental (the 
hi-fi buffs harmonic distortion). 

You have probably realised that I 
have only skimmed the surface of a very 
complex subject, but I hope that I have 
made the point that it is not difficult, in 
theory, to generate music of asort witha 
micro. Let’s get on with the practical 
part now. 


Making a TV into a soundbox 


First, a vital word of warning — TVs 
can be lethal. Unless you are abso- 
lutely certain what you are doing, do not 
attempt to modify a TV. 

Having said that, it is possible to mod- 
ify many portable TVs to act as audio 
amplifiers without affecting their abil- 
ity to display the output from a 
computer. 

If you study the set’s circuit diagram, 
you will see that, in the audio chain, 
there is a block of circuitry similar to 
that shown in Figure 2. The output from 
the audio demodulator passes, via an 
amplifier, to a potentiometer which acts 
as the volume control. The pot’s output 
goes to the AF power amplifier which, in 
turn, drives the loudspeakers. 

Break the circuit at ‘X’ and insert a 
3.5 mm jack socket as shown in Figure 
3. The TV will then work normally until 
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you insert a jack, upon which the output 
from the AF demodulator is broken and 
the jack is connected to the input of the 
power amp. Drive a small signal 
(around 200 mV) into the jack and you 
will hear it at the speaker. 

If you use a chassis-mounting socket 
you should be able to mount it on the 
side of the TV, all ready to plug in an 
audio signal. When you actually plug 
the computer in, you may find that you 
get more than you bargained for. A 
micro is a splendid source of video fre- 
quency noise, which the audio lead may 
radiate into the TV, giving a noisy dis- 
play. If this happens, a small capacitor 
(around 22n) across the jack should 
filter out most of the interference. This 
capacitor is shown dotted in Figure 3. 

Once again, do not attempt to modify 
a TV unless you understand precisely 
what you are doing. The modification 
relies on the set having an earthed chas- 
sis. A TV with a floating chassis could 
blow up your computer .. . and you. 


Sound from a System 80 


Now, if you have modified your TV, or 
if you have an alternative small audio 
amp, you can take signals from your 
computer and hear the effect. This is not 
too hard with a TRS-80, but how can you 
drive a System 80’s second cassette 
interface? 

Like the TRS-80, the System 80 drives 
cassette recorders via I/O port 255; spec- 
ifically, it uses the three least significant 
bits of the eight-bit port. Bit 2 (decimal 
‘4’) switches the cassette relay on and 
off, and bits 0 and 1 (Figure 4) control 
the level of the audio signal to the 
recorder. 


The standard TRS-80 way of generat- 
ing noises is to toggle bit 0 up and down 
to drive an amplifier, but the System 80 
is not quite that simple. As well as 
switching on the cassette motor, the 
relay also isolates the cassette’s I/O con- 
nections. Thus, before you can drive any 
outputs, bit 2 of port 255 must be set to, 
and held at, 1 inorder toclose the relay. 

The actual output level depends on 
the data in bits 0 and 1. Table 1 shows 
the dc voltage that my System 80 pro- 
duces for the four possible combinations. 


OUTPUT oc 
DATA OUTPUT 
(mv) 


210 
430 

12 
190 


Table 1. Corresponding voltage values for varying 
bit values at the output port. 


You can therefore select the right pairs 
of data values to give a suitable signal 
amplitude for your amplifier. For my 
modified TV, I toggle between 6 and 7 to 
give a signal swing of 178 mV peak-to- 
peak. 

Right, let’s try something simple. 
Connect your System 80 to your amp- 
lifier and input this program: 


10 OUT 255,6 
20 OUT 255,7 
30 GOTO 10 


and RUN it. 

Chances are that you hear nothing 
but, if you look, you’ll see that the ‘CAS- 
SETTE’ indicator light has come on. 
What’s wrong? 

It turns out that the System 80 drives 
both cassettes from the same I/O port, 
and contains internal latches to decide 
which one to use. The default condition 
is Cassette 1, but somehow we have to 
drive Cassette 2. 

BREAK the program and enter OUT 
254,16. This selects the second cassette; 
that is where any cassette data will go 
until the first cassette is reselected. To 
reselect Cassette 1, you can either use 


DISPLAY CHAR SIZE 
CASSETTE RELAY 


OAIVE LEVEL TO 
CASSETTE 


os 


UNUSED 


Figure 4. Which bits do what in the output port. 
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an instruction which addresses it ex- 
plicity (eg: PRINT #-1,), or you can use 
OUT 254,0. 

RUN the program again. You should 
hear a disgusting buzz. It’s not very 
musical but at least it’s a sound. That’sa 
good place to stop for the moment. 


Making ‘Proper’ music 

You have probably realised from what 
we’ve done so far that BASIC alone is 
not enough to generate pleasant music. 

We have to use a machine code sub- 
routine before we can advance further. 
At this stage we should look for one to 
play a simple, single-voice melody. 
Barber-shopping sounds nicer, but is 
much more complicated. We saw earlier, 
in Figure 1, a flowchart of a suitable 
procedure — it only remains to convert 
it into suitable code. 

Listing 1 is a Z80 assembly language 
subroutine, suitable for a TRS-80 or 
System 80, which implements Figure 1. 
It expects to find the half-period count 
(‘Y’ in Figure 1) in register D, and the 
duration count (‘X’) in HL. The routine 
starts with a CALL to 0A7F hex, which 
is the computer’s built-in subroutine to 
transfer HL to a machine code segment 
from BASIC. 

The BASIC program will pass the 
value of D by POKEing it directly into 
the correct point in the subroutine; List- 


ing 1 therefore shows D being loaded 
with ‘DUMMY’, just to reserve a byte. 
The two ‘OR A’s in the inner loop simply 
pad out its duration to give a reasonable 
range of notes. 

You will probably have noticed that, 
although the routine is totally relocat- 
able, it has been assembled into mem- 
ory locations 405E to 4079 hex. This 
makes use of a block of RAM from 405C 
to 407F hex that the TRS-80 and 
System 80 only use during a cold start. 
This is a handy spot to put short 
machine code segments like this since it 
avoids the needs to set the memory size, 
etc. 

Before we can make music, we have to 
know what sort of numbers go into D 
and HL to give specific notes. Given a 
knowledge of the number of clock cycles 
required by each instruction, and of the 
computer’s clock frequency, this is a 
straightforward, if tedious (let the com- 
puter do it) calculation. 

To save you the bother, Table 2 shows 
values of D to give a useful range of 
three octaves with a (roughly) equal- 
tempered scale. It also gives the values 
of HL needed for a half-second note at 
each pitch. You may wonder why HL is 
not exactly half each note’s frequency — 
it’s different because of the effect of the 
outer loop’s instructions, and because 
the need for integer values of D gives 
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only approximations to each note. You 
should also be aware that the numbers 
in Table 2 are only right for the 
standard TRS-80/System 80 clock rate; 
other computers will need the different 


values. > 
nore] © [oe Poors] © [ 
Cc, 65 F* 1370 |88 | 184 


69 
73 


24 


Bo 


nnmoao 
yo om Ss 


2 


Table 2. Note, frequency and the corresponding 
values for the D and HL registers. 
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Playing the tune 


How do we use the machine-code seg- 
ment? Listing 2 is a short BASIC pro- 
gram that brings all the pieces together. 

Once the program has read the 
machine code routine and put it into 
RAM, it reads the tune’s SPEED from a 
DATA statement. This approach gives 
an easy way of changing the tempo 


Program Listing 


4@5E MUSIC CALL @A7F 
4061 LD D,DUMMY 


4063 LOOP] 
4065 LOOP2 


LD A,6 
OUT (255) ,A 


4067 LD B,D 

4068 LOOP3 OR @ 

406A OR @ 

4e6c DJINZ LOOP3 
4Q06E XOR 1 

4070 CP 6 

4072 JR N2,LOOP2 


without altering all the individual 
notes’ durations. Double the value of 
SPEED and you halve the length of each 
note. 

Before the tune is actually played, the 
OUT 254, 16 in line 260 sets the cassette 
selection latch. Alternatively, you could 
do this in immediate mode. Line 260 is 
not needed for TRS-80s, which will out- 
put the tune from their normal cassette 
port. 

From here, the BASIC program reads 
values of PITCH (D) and PERIOD (HL) 
from DATA statements to play the tune. 
PERIOD is scaled by SPEED before it 
goes into HL. 

A zero value of PITCH ends the tune, 
and a negative value gives a call toa 
BASIC subroutine to generate rests. 
With SPEED set to 1, a value of —240 
gives a half-second pause to match the 
half-second notes of Table 2. 

When the tune has been played, the 
program offers you the choice of playing 
it again — if you take this up, then the 
OUT 254, 16 out of line 260 is not 
needed. At the end of the program, the 
OUT 254,0 in line 560 reselects 
Cassette 1. 
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Obviously, this is just a demo pro- 
gram with a fixed tune, but it could 
serve as a good basis for experiment. For 
example, try writing a musical scrib- 
bling pad which holds the pitch and 
duration data in arrays, and which in- 
cludes code to write and manipulate 
those arrays. That, and anything else 
you may think of, I leave to you, but here 
are a few tips. 

Because a single byte is used to time 
the frequency loop, PITCH cannot be 
larger than 255. For lower notes, put 
more dummy operations in the machine 
code’s inner loop. 

The result of the calculation in the 
USR brackets, which defines the note’s 
duration, must be a signed 16-bit 
integer, allowing a maximum of 32767. 
In all honesty this should be long 
enough for anyone, but be warned that 
larger values will crash the program. 

A simple program like this cannot 
play harmonies. Neither can it vary a 
tune’s amplitude. The best sort of music 
to play is therefore straightforward solo 
songs. If you really want to experiment, 
how would you go about generating 
harmonies via this basic approach? @ 


GOTO 33@:REM**NEXT NOTE 
REM**WRAP-UP ROUTINES 
PRINT: PRINT “PLAY IT AGAIN, SAM?" 


QS=INKEYS:IF Q$="" THEN 520 


GET HL 

DUMMY TO 

SET TONE 

INITIAL VALUE 
OUTPUT TO 
CASSETTE 

GET TONE DELAY 
DUMMIES FOR.. 

.-- PAUSE 
1/2:CYCLE DONE? 
FLIP LSB OF A 
FULL CYCLE DONE? 
IF NO, BACK AGAIN 


4074 
4075 
4076 
4077 
4079 


Listing 1. The Z80 code subroutine to implement the program shown in 
Figure 1. 


a S, 


2008 
210 
220 
238 
248 


2508 
260 
388 
318 
328 
330 
348 
356 
360 
378 
388 
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DEC DURATION 
TSa4 
-eHL.. 

JR NZ,LOOP] ..ZERO? 

RET FINISHED 


REM**LOAD MACHINE CODE 

FOR X=16478 TO 16505:REM**495C TO 407F HEX 
READ X1:POKE X,X1 

NEXT X 

POKE 16526,94:POKE 16527,64:REM**SET USR 
START ADDRESS 

READ SPEED:REM**VARY TC CHANGE TEMPO 

OUT 254,16:REM**SET CASSETTE#2 LATCH 

CLS 

PRINT "READY - PRESS ANY KEY TO START" 

IF INKEYS="" THEN 320;REM**KEY NOT PRESSED 
READ PITCH 

IF PITCH=@0 THEN 510:REM**END OF TUNE 

IF PITCH<@ GOSUB 26800:GOTO 330:REM**PAUSE 
POKE 16482,PITCH:REM**NOTE INTO M/CODE 
READ PERIOD 

A=USR (PERIOD/SPEED) :REM**PLAY THE NOTE 


IF QS="Y" THEN GOSUB 1608@0:GOTO 330 

IF Q$<>"N" THEN 52@ 

OUT (255) ,@:REM**RELAY OFF 

OUT 254,8:REM**CLEAR CASSETTE#2 LATCH 
END 

REM**RESET THE DATA POINTER TO THE START 
OF THE TUNE 

RESTORE 

REM**CLEAR THE M/CODE DATA OUT OF THE WAY. 
FOR X=1 TO 29:READ X1:NEXT X 

RETURN 

REM**GENERATE A PAUSE 

FOR XX=PITCH/SPEED TO @:NEXT XX 

RETURN 

REM**DATA FOR M/CODE 

DATA 205,127,10,22,0,62,6,211,255,66,246, 
@,246,0,16,250,238,1,254,5,32,241,43, 
124,181,32,234,261 

REM**DATA FOR MUSIC 

DATA .5:REM**SPEED 


DATA 225,36,168,49,168,73,178,23,168,49,133, 


61,133,61,149,55,112,73,112,73,112,109,125, 
32,133,61,149,55,133,123,-30 


DATA 225,36,168,49,168,73,178,23,168,49,133, 


61,133,61,149,55,112,73,149,55,149,82,178, 
23,178,46,200,41,225,73,-30 

DATA 112,73,112,73,112,73,168,49,125,65, 
133,61,133,61,149,55,-20,112,73,112,73, 
112,73,168,49,125,65,133,61,133,61,149, 
55,-20 

DATA 99,82,99,82,99,82,112,73,125,65,133, 
61,125,136,149,55,133,31,125,32,112,110, 
168,24,168,49,149,55 

DATA 133,123,-68,99,123,99,41,99,82,112, 
73,125,65,133,61,125,136,149,55,133,31, 
125,32,112,110,168,24,168,49,149,55,168, 
98,0 


Listing 2. A BASIC program for the System 80 with the machine code built 
in. It'll play you a tune if you get it right. 


A review of 


the Epson MX80 printer 


This 
market 


low-cost machine has upturned the printer 
in every country 


in which it has been 


introduced. Australia has proved no exception. But 


why? Let's find out... 


MOST personal computer users place 
a high priority on the purchase of a 
printer for their system, but for a long 
time such a purchase has been put 
out of the question for one reason 
only — they have been very expensive. 
In fact the price of a halfway decent 
printer has been as high as, if not 
higher than, the price of a good CPU. 
Those people who have been able 
to purchase a printer will argue that 
they are indispensable. The ability to 
produce program listings, corres- 
pondence and hard copy records 
makes their computer much more 
useful. The process of documenting 


software and all the vital ‘housekeeping’ 
functions becomes less difficult and 
tedious if you have good hard copy 
records of past activities to refer to. 
The presence of a printer makes 
available to you a host of software 
systems which require a system with a 
printer to run on. Using your personal 
computer in various business applica- 
tions suddenly becomes a_ viable 
proposition. 

In the last year or so a number of 
fairly inexpensive printers has been 
released on the Australian market, but 
many of them have been what can 
only be described as ‘cheap and nasty’, 


Michael Olsson 


with the emphasis definitely on ‘nasty’. 
Of these recent releases one stands 
out as being more useful and versatile 
than the others, while at the same 
time being one of the cheapest on the 
market — the Epson MX80, marketed 
and supported in Australia by War- 
burton Franki. This printer has proved. 
to be so popular in Australia that 
many personal computer stores report 
that the demand for other printers in 
the lower end of the market has 
dropped very dramatically; in fact one 
Sydney store has dropped all other 
low-cost printers altogether. 
So why are so many people opting > 
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INSTALLATION 


’ 
7 


Doc 
is just an example. The removable print head is one of the great advantages of the MX80, and it’s simple 
to do, as the illustration below, taken from the manual, shows. 


TEP 3 Plug the VF board connector mt the connector o6 the contro! circuit Board 
of the Printer 9s shown in Fig 2 


OOH 


Fig 2 instahation of UF Bows 
STEP 4 Put the 4 screws into the 4 poles and Nyt 
STEP & Disconnect the Frame gourd ee g 
act to the termina’ GND wrth ne 4 
sone) UF board 
STEP 6 Push the Connector in at the fron! oy 


‘umentation with the MX80 is clearly written, well set out and copiously illustrated. The picture above 
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_ Print Head 


Print Head Unit 


A Head Cable 


Terminal Board 


Head Lock Lever ead Douneetor 


“Be sure to hold 

this connector firmly 
to pull the head 
cable out straight. 


Carriage Assembly 


(Side View) 


Head Cable 


*Take hold of the 
cable at the point 
indicated by arrows 
and apply force in 
either of the direc- 
tions indicated by 
arrow = to push in 
} or pull out the head 
cable. 


Head Connector 


Replacement of Print Head 


for the MX80 when evaluating printers 
for their system? The answer seems 
quite simple: the MX80 offers very 
good value for money. It has features 
which have never before been avail- 
able on a relatively cheap printer, such 
as dot graphics and some 12 different 
print types, and comes with either fric- 
tion or tractor paper feed mechanism 
on the slightly more expensive models. 

The MX80 is a dot matrix impact 
printer using a 9 x 9 dot matrix. In 
other words, the MX80 uses a 
movable print head which consists of a 
series of small tubes, each of which 
contains a needle, fired individually by 
electrical solenoids to produce printed 
images. In its basic form the MX80 
has a standard 96-character ASCII 
character set as well as 64 graphic 
patterns, in addition to some French 
and German characters. In normal 
usage the MX80 prints at 80 charac- 
ters per second, but the print speed 
drops dramatically when you use the 
other print functions, sometimes well 
below 40 cps. 

It uses a parallel interface as 
standard but is available with interfaces 
to suit most personal computers in 
Australia. The printer reviewed for this 
article was equipped with an RS-232C 
interface, the installation of which was 
quite simple, and it worked first time. 


The print 

It does not produce the best quality 
print in the world, nor is it terrifically 
fast, but it is certainly adequate for the 
average computer user in both respects. 
If you use the emphasised print capa- 
bility the characters are quite solid, 
not letter quality but near enough. It’s 
a matter of ‘horses for courses’. 

The MX80 can print four different 
character sizes: normal, double width, 
condensed and double width condensed. 
The type size is selected by standard 
ASCII control codes, usually a two- 
digit sequence but in some cases 
more than two. It recognises 64 pro- 
grammable vertical tab positions and 
112 horizontal tab stops. In the 
normal print mode the MX80 has, as 
the name suggests, 80 columns per 
line, but in the condensed print mode 
the data capacity of the print buffer is 
expanded to 132 columns, a feature 
which enables you to run software 
packages designed for use with larger 
printers with only minor or no 
modifications. 

Also software-selectable are the 
three different types of print emphasis: 


Font Tests 


There are twelve (count them!) different styles of printing available with 


the MX-80, 


Here they all are: 


This is the Standard Font. 


Thi os 


This is Emphasized Standard Font. 


This 


This 


is Double-Strike Standard Font. 


is Double—-Width Stanmdard Font. 


is Emphasized DYW Standard Font. 


Thigs is DvS DZW Standard Font. 
This is Double-Strike Eaphasized Standard Font. 


Thig is DS Emphasized DW Font. 


GRAPHICS 
The MX-80 can print 2 


by = dot graphics characters. 


The MX: Driver maps 


printing ASCII characters into the graphics characters when the mode is 
The graphics mode is disabled with ESCAPE U or 


enabled with ESCAPE T. 


when a channel is opened to the Driver. 
e+,-., 
ee oe ee = 
GHIJKLMNOP S 
a 
a 


F 
Sfp ltas44. 


~&&e* (9 


/012 


The mapping is as follows: 
34567893 34 =? ? 


pir fesr tsar bee 


TUYVWwWXYZCON1I” 


eLiefCuaaddieakdB 


PRINT SAMPLE — from the test sheet supplied by Warburton Franki. 


normal or single strike, emphasised 
print and double strike with a displace- 
ment of 1/216 inch between the two 
strikes (0.12 mm). These three modes 
of print emphasis can be used in con- 
junction with the four different charac- 
ter sizes, which makes for very versatile 
printing. 


Graphics 

If you need a printer for scientific work 
or wish to present your business 
reports in graphic form, the dot graphics 
capability may come in useful. At the 
time of testing I had no graphics soft- 
ware available to me, nor was the test 
printer provided with the dot graphics 
capability, so I could not put the MX80 
through its graphics paces, but I was 
unable to find any reason why the 
MX80 should not perform to specifi- 
cation in that regard. You do, however, 
sacrifice some of the other print 
functions if you choose the dot 
graphics capability, as there is not 
enough ROM for all the print functions 
and the dot graphics. 


Self-test 

Another useful feature is the pre- 
programmed self-test mode, which 
allows you to test the general operation 
of the print head and the print quality 
and other print mechanisms simply by 


turning the power on while depressing 
the line-feed switch. This will enable 
you to diagnose any problem with a 
minimum of fuss and determine if any 
problem you are having is in the printer 
itself or in the interfacing, or is due toa 
software malfunction. You can thus 
avoid embarassing, costly and time- 
consuming calls to your local dealer for 
something which is not a printer 
problem. 


Documentation 

Unlike many Japanese products the 
MX80 does not come with a set of 
difficult to understand ‘Japanese 
English’ manuals. It has clear and 
precise instructions on all aspects of 
installation, interfacing, operation and 
care of the printer, something which is 
absolutely essential to inexperienced or 
nontechnical computer users. 


Wear and tear 

An interesting aspect of the MX80’s 
design is the approach taken to the 
problem of wear and tear of the print 
head. Of all the mechanical parts of 
any printer the print head is the one 
subjected to most punishment and thus 
the most likely to wear out. The 
manual does not specify an expected 
life span for the print head but it is 


likely to be many millions of characters. 
Rather than providing an expensive 
and more durable print head the 
designers have chosen to use a fairly 
cheap one (around $50 or so) which 
you simply replace when (indeed, if) 
the need arises. This is not to say 
that the print head used is in any way 
of inferior quality; it is a reliable print 
head in the experience of MX80 users, 
both here and overseas, and the design 
approach is a practical way around a 
problem which on many other printers 
can be very costly. 


The crunch 
An MX80 will set you back around 
$1000 for the cheapest models or 
about $1100 for the more expensive 
models with tractor and friction feed 
and dot graphics capabilities. An 
RS-232C interface board or an inter- 
face board to suit anything other than 
a parallel interface costs around $90, 
so you are not faced with a huge out- 
lay if you decide to purchase one of 
them (they cost under $500 in the US). 
The MX80 is a neat little printer 
which will do a pretty good job if you 
do not expect too much of it (don’t 
hold your breath while it does a form- 
feed), and one which manages to suit 
most of the small computer user’s 
needs. It is definitely a product which 
deserves a good look before you buy 
a printer for your personal computer. @ 
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cas Tom Moffat 


Although they've sometimes been dismissed as mere 
toys, an overseas magazine recently claimed that pocket 
computers are in fact the new wave in computer tech- 
nology that will eventually supersede the desktop 
machines. They could even make inroads into the 
mainframe category. Judging from the latest entry into 
the pocket computer field, that prediction may be closer 
than we think. 


CASIO has released a little beauty 
called the FX-702P, a 176 gram pack- 
age containing a full-blown BASIC in- 
terpreter, LCD alphanumeric display, a 
65-key keyboard, and an optional cas- 
sette interface and printer. All in all, a 
rather elegant package, but with one 
sore spot from my point of view: the 
keyboard. 

The alphabet keys are laid out in A-B- 
C-D-E etc order instead of the usual 
Q-W-E-R-T-Y series. For one used to 
typing on a standard keyboard, this is 
most frustrating, and you find yourself 
back to the old ‘hunt and peck’ system, 
laboriously searching for each key. This 
system resulted in much spirited swear- 
ing during evaluation of the computer. 
However ...non-typists will find it 
easier to use. My wife, who hates type- 
writers, entered several lines of data 
and pronounced the keyboard “terrific . . . 
the only sensible layout for a keyboard”. 
It would be nice if Casio saw fit to re- 
lease two versions of the computer, one 
with a QWERTY keyboard and another 
with the ABCDE version; then everyone 
could be satisfied. 

That funny keyboard isn’t as bad as it 
first sounds; the computer uses a system 
like the Sinclair ZX-80/81 that allows 
one-key entry of BASIC keywords and 
mathematical functions. There are two 
function keys, so most of the alphabet 
keys do three jobs; for instance, pressing 
(FUNCTION 1)—C gives ‘EXP’, (FUNC- 
TION 2)—C gives ‘GOTO’, and 
of course C on its own gives ‘C’. So once 
you learn where the keywords are, pro- 
gram entry becomes easier. 


Power to the people 


Now to the guts of it: computing power. 
In evaluating a machine like this 
it’s natural to compare it to known 
quantities, in this case the Tandy/Sharp 
(reviewed in Computers and Computing 
’82). It would be fair to say the Casio is 
aimed slightly more up-market than 
the Tandy. It’s got a slightly larger 
amount of memory — 1680 program 
steps — and the BASIC interpreter has 
a few more features, especially in string 
handling. 

it bas LEN, allowing the calculation 
of the length of a character string, and 
MID, allowing you to extract a portion 
of a string (that’s one I really miss on the 
Tandy). In the array area, the Casio 
caters for two-dimensional arrays, say a 
table three wide by four high. Tandy is 
limited to one dimension, for instance a 
table twelve items long. 

There are a few extra mathematical 
functions: FRAC removes the integer 
portion of a number and leaves only the 
fraction (X-INT X). RND rounds off a 
number, instead of simply truncating it. 
RAN# gives the output of a built-in 
pseudorandom number generator. RPC 


and PRC allow conversion from rec- 
tangular to polar coordinates and vice 
versa. There is also a whole series of 
special statistical functions. 

There are several commands that pro- 
vide for direct control of the LCD dis- 
play format. CSR is a cursor that sets 
the start of an output a given distance 
along the display. WAIT can be pro- 
grammed to cause the computer to dis- 
play its output for some variable time, 
and then kill it and go on to the next 
step. On the Tandy, PAUSE gives the 
same effect, but the time of the display 
is fixed at about one second. There’s 
even a little contrast control on the back 
of the CASIO to vary the intensity of the 
display. 


Program writing and editing 
The Casio’s memory can be divided up 
into ten separate program areas, so 
there can be ten programs in it at once, 
each beginning with line 5 or whatever. 
To run one of them you simply hit 
(FUNCTION 1) and then 3, and PRO- 
GRAM 3 is off and away. 

To work on one of the programs with- 
out affecting the others you go into the 
‘WRITE’ mode and call it up; you can 
then list it or change a line, etc. It’s also 
possible to tape load or dump one of the 
programs, ignoring the rest. Or you can 
load or dump the whole memory. 

When you call up a program in the 
WRITE mode the display shows which 
other program numbers are assigned, as 
well as a continuous readout of the total 
memory remaining free. All programs 
share the memory ‘on demand’; that is, 
you can have one very long une and nine 
short ones, or ten of about the same 
length. 

There is a password system that lets 
you write a program, and then prevent 
other people fiddling with it ifthey don’t 
know the password. It also means you 
can dump a passworded program onto 
tape and give (or sell) it to another Casio 
owner. He can run the program, but he 
can’t find out how you wrote it. 

One feature in the programming de- 
partment is most impressive: if you type 
‘LISTALL’ the computer begins with 
PROGRAM 0, lists it, then does pro- 
gram 1, and right through the series. It 
then lists the contents of all the vari- 
ables. If it comes to a passworded pro- 
gram it simply says ‘PASS’ and skips 
over that one. 

For writing and editing program 
lines, the Tandy seems to be ahead in 
convenience. Casio lets you enter a line, 
delete characters from a line, or rewrite 
a line. But I could find no way to drop a 
missed character into an existing line 
like you can do on the Tandy. It means if 
you left out one character you have to 
delete the whole line and then type it in 
again. 


Speed 


A recent Casio press release claimed 
that the FX-702P was up to ten times as 
fast as other pocket computers. I decided 
to put this to the test, with a simple 
program that generates 100 pseudoran- 
dom numbers, and prints out the 100th 
one. It gives a good jiggle to the compu- 
ter’s number-crunching functions, a 
traditional time-consuming procedure. 
The program was designed to run in all 
the machines without changes. 
X=.5 
: FOR Y = 1T0O 100 
X = (+X) 5) — INT (+X) 5) 
: NEXT Y 
: PRINT X 
: END 

The Casio took 1 min 11 sec to get 
through the program; the Tandy took 2 
min 36 sec. Just for comparison, an 
Apple running Applesoft BASIC took 12 
seconds to run it. 


The printer 


The printer is contained in its own little 
case, with a cable and plug hanging out 
the back. It can plug into the cassette 
interface, which fits onto the computer 
Tandy-style, or the interface can be dis- 
pensed with and the printer can be plug- 
ged directly into the computer. 

The printer uses paper 35 mm wide of 
the electrosensitive type, instead of the 
plain paper and ribbon system used by 
Tandy/Sharp. This means the paper 
costs more, but of course there are no 
ribbons to buy. The print quality is 
absolutely beautiful, nice dark 5x7 
matrix characters on a silver back- 
ground. The printer is very quiet, 
making a ‘swish-swish’ sound as each 
line is printed. It’s also very quick, at 
two lines a second. 


In Summary 


After reading all this, and the previous 
articles on the Tandy/Sharp system, 
you're probably asking, which is ‘best’, 
which do | buy? They’ve both got their 
good and their bad points, and they both 
have similar retail prices, although the 
Tandy machine has been advertised at a 
discount lately. 

For someone into statistics, the Casio 
is the natural choice. For the ‘average’ 
user, it’s a toss-up. The Casio has a few 
more features in its BASIC interpreter, 
and the ability to store ten programs is 
nice, although the Tandy can do much 
the same thing in the ‘defined’ mode. 

I found the Tandy a slightly ‘friend- 
her’ computer, mostly because of pre- 
vious familiarity with it, but also 
because the keyboard is much easier to 
get along with (if you’re used to key- 
boards). So one is not ‘better’ than the 
other. Only you can make the choice, 
but be sure you try before youbuy. @ 
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The MPF-1 Micro-Professor 
— tool, or toy? 


Jonathan Scott 


Described in the brochures as “a learning tool for 
hobbyists, students and microprocessor enthusiasts . ..”, 
the Micro-Professor is a new concept in computer or 
microprocessor products. Is it a tool, as the makers claim, 


or a toy? 


THE MPF-1 Micro-Professor, manu- 
factured by Multitech Industrial Corp- 
oration, is a Z80-based microcomputer 
system which fills a need which no other 
system we have yet to see or hear about 
can. It is more than an ‘evaluation kit’, 
but it is definitely not a ‘home’ or 
personal computer in the usual sense. It 
is a most marvellous device for actually 
teaching someone what a microproces- 
sor is and how to use it. One emerges 
from a relationship with this little 
fellow with familiarity and skill enough 
to tackle the design of a microprocessor- 
based appliance, scientific instrument 
or even a pinball] machine. These are the 
fundamental commercial uses of micro- 
processors, where the designer must 
have close contact with hardware, soft- 
ware and layout of the system. In these 
areas the MPF-1 will support a student 
in the processes of acquiring familiarity 
and technique. The MPF-1 is neither 
a games-player nor a computer for a 
serious computational task. If you want 
to play games go buy a VIC-20 or some 
such, and if you need to do serious cal- 
culations, go buy an HP. The MPF-1 can 
be fun, but only in the way that learning 
can be a pleasurable challenge for its 
own sake. If you seriously intend to 
expand your commercial ability in the 
digital area, or if you like to get at the 
roots of microprocessing, rather than 
fool about in pure software, this is prob- 
ably the best system we have ever seen 
for you. Having now discharged my 
duty to ward off the games players and 
the heavy number crunchers, let me 
proceed to describe this fascinating 
system. 
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The basic board 


The MPF-1 itself comes as a single 
pe board about 150 x 220 mm. This is 
powered by a plugpack and sports a9 x 4 
keyboard and a six-character 7-segment 
display. A cassette interface, a speaker 
and two separate indicator LEDs are 
provided. There is an area for user hard- 
ware expansion which would support 
about half a dozen 16-pin chips. There 
are four IC sockets unoccupied on the 
board. Two multipin connectors are 
mounted on the left side of the board. 
The keyboard is labelled with the 
monitor commands, and is also designed 
to accept overlays with new key desig- 
nations, rather like an HP41. It has a 
nice feel and the keys are spaced quite 
comfortably. It is supplied with three 
books — The User’s Manual, an Experi- 
ment Manual and the Monitor Source 
Listing. 

Before going on to discuss the beastie, 
let me list all the options which we 
received along with the MPF-1 itself. 
The four empty sockets were filled with 
a CTC (Counter-Timer-Chip), a peri- 
pheral interface adaptor (PIA), which 
used the second connector on the pc 
board, an EPROM of BASIC, and further 
RAM or EPROM which could be used as 
desired. Chained on to the first connector 
we had the EPROM programmer option 
(EPB-MPF), a separate board half the 
size of the first, also powered by another 
plugpack. From this we chained the 
SSB-MPF speech synthesiser — same 
size, Same power arrangement. Beyond 
this was the PRT-MPF printer, which 
carried more software in EPROM, and 


room for expansion. The speech synthe- 
siser had room for further vocabulary, 
with which we were not supplied. This 
space could also presumably support 
RAM or whatever you wanted. Two of 
the added boards could be housed with 
the MPF-1 in its book-like mounting 
arrangement, though this turns out to 
be not very useful. Each additional 
board came with a small booklet, as did 
the BASIC EPROM. 

The MPF-1 is very well built, in hard- 
ware terms. The pc board is good quality 
and has the component labels screened 
onto it. The keyboard, as I have said, is 
neat and has a good positive ‘feel’. The 
only complaint we might level at the 
makers is that the LED display does not 
have an antiglare cover sufficient to 
eliminate reflections from bright lamps 
or to maintain contrast in a very light 
room. The display, speaker and keyboard 
are controlled by an on-board PIA, as is 
the cassette interface. The interrupt 
line and a reset facility are included in 
the keypad, so you can get at the hard- 
ware even before you add things to the 
user’s addition area. 

The monitor with which it is supplied 
is excellent. It provides easy and 
ergonomic inspection of registers and 
memory, and simple alteration facility. 
It permits single stepping, an important 
function absent from many monitors. It 
allows the setting of a breakpoint. It 
also automatically calculates and stores 
relative addresses, which is so useful an 
enhancement for anyone practicing 
hand assembly of machine level pro- 
grams. Finally, it will insert, delete and 
move blocks of instructions. For a 


The ‘full kit & kaboodle’ Micro-Professor system. On the right, is the MPF-1,0n PRT-MPF printer module. The case in which the MPF-1 arrives is ingeniously 
the left are the EPB-MPF EPROM programmer (foreground) and SSB-MPF designed so that manuals or the other boards (as shown here) can be 
speech synthesiser (behind the EPROM programmer). Right at the rear is the accommodated. 


student who is using hand assembly 
rather than an assembler program 
initially, this is superbly handy. I realise 
that no-one these days develops soft- 
ware seriously without assembler 
support, but it is nevertheless the best 
way to familiarise oneself with the 
inner workings of a processor. With all 
the options available, the best task a 
student can have on the MPF-1 is, in 
any case, to write and install in EPROM 
an assembler. For this grass-roots 
warm-up to microprocessors the monitor 
supplied is absolutely ideal. It is also 
well documented and has a good reper- 
toire of utility subroutines to facilitate 
the user, including standard functions 
from the monitor in personally developed 
utility software. 

The User’s Manual and Experiment 
handbook are indeed comprehensive 
and cover the subjects well, but there is 
one serious flaw. They are, like every 
manual supplied with the MPF boards, 
written in ghastly English. I think they 
were translated hurriedly using a 
tourist’s phrasebook. True, the Sydney 
agents, Emona, did supply a replace- 
ment BASIC manual, which was a great 
improvement over the _ preceeding 
comedy exercise, but it still used clumsy 
constructions. The original was fre- 
quency incomprehensible, and the 
humour wears off soon if you are trying 
to extract information. For this reason, I 


hesitate to recommend that anyone try 
to learn from the MPF course if there is 
not someone accessible who knows what 
is going on already, and is willing to be 
helpful when the task gets too hard. 
The PIA and CTC integrated circuits 
were supplied without any documenta- 
tion, as they quite reasonably state that 
the Zilog data sheets for the various ICs 
are the necessary and best instructions 
for using them. With the addition of 
these you are ready to embark on the 
jobs such as installation of custom hard- 
ware on the user expansion board area. 
This might mean the connection of 
analogue-to-digital (A/D) converters or 
position sensors, or whatever you need. 
A stepper motor controller and some 
sensor inputs might allow the computer 
control of a toy truck or model train. 


BASIC 


The BASIC EPROM contains a 4K tiny 
BASIC interpreter. It is supplied with a 
(hopefully revised) manual. As you 
might imagine, BASIC is pretty limited 
when you have only a 6-digit, 7-segment 
display. However, a very credible 
attempt has been made to allow full 
BASIC operation. You can edit and list, 
albeit rather clumsily. This software is 
enough to allow one to see how a machine 
expands from assembly language to a 
‘full high level language’, as such. This 


is the only option which I do not recom- 
mend you buy with the MPF-1, and this 
is purely because the MPF-1 is plainly 
not a BASIC-orientated machine. For 
those who suspect that they will have to 
have a slight BASIC familiarity, it will 
do, as one could subsequently migrate to 
a proper machine solely by reading the 
list of instructions available on the 
machine’s operating system and the list 
of functions supported by the system’s 
BASIC. There is no criticism here 
against Multitech’s programmers. 


‘Expansion’ boards 


All three expansion boards (the EPROM 
programmer, the speech synthesiser 
and printer) are constructed with the 
same high quality as the MPF-1 host 
board, and are well matched and inte- 
grated with it. So much so, they merge 
in the mind to become part of it, more 
than peripherals. 

The EPROM programmer (EPB-MPF) 
has the standard zero insertion force 
(ZIF) socket, and supports a range of 
EPROMs, including the 2716, 2532, etc. 
It is supplied with a well set-out, if not 
fluent, instruction manual and a key- 
pad overlay. It also comes with a plug- 
pack supplying the appropriate voltages. 
It allows programming and verification 
of EPROMs and listing of data in the 
buffer. On the whole it is a very neat and > 
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Plenty of documentation is provided — as this collection of manuals evidences. 


adequate assembly. All the relevant 
main monitor subroutines are imple- 
mented on the buffer (4K) on-board. 
This RAM can, of course, be regarded as 
expanding the system RAM to 6K. 

The speech synthesiser board uses the 
Texas Instruments chip set. This uses 
the ‘linear predictive coding’ method, 
and sounds just like a TI speak-and- 
spell. It is supplied with plugpack and 
instruction booklet. There isan EPROM 
on the board which contains a speak- 
the-time type of clock as a demonstra- 
tion, as well as a very useful utility for 
quickly getting the system working 
with your software. It comes with the 
ability to say the numbers ‘one, two, .. .’ 
up to twenty, then by tens to fifty, etc, as 
well as things like ‘good morning/after- 
noon’, etc. This is, of course, exactly the 
vocabulary a clock requires. More words 
are listed in the booklet as being avail- 
able, and expansion sockets are ready 
on the pc board to accept the new chips 
but we were not supplied with any 
others. There seems to be insufficient 
space on the board to hold all the words 
available at once, which might prove 
tricky as the complete vocabulary 
comes in alphabetical chunks, so per- 
haps you would have to either transfer 
appropriate data around by using the 
excellent EPROM programmer and put 
all you wanted in one of your own 
EPROMs, or limit yourself to what part 
of the vocabulary fits in three chips. 
Otherwise, you might use some of the 
expansion space on the other boards to 
hold the excess chips. All in all, this is a 
brilliant fun board, and provides a 
perfect introduction to this method of 
speech synthesis. The documentation is 
OK, though takes a little getting used 
to. It is clear that further vocabulary is 
necessary if you don’t want to get bored 
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The MPF-1 Micro-Professor, accessories and 
expansion boards are marketed in Australia 
by Emona Enterprises P/L, CBC Bank Building, 
661 George St, Sydney 2000. (02)212-4815. 
Prices are as follows (all plus tax): 


MPF-1 ‘host’ board, with manuals $115 
(plugpack $11.50) 
MPF-CPK CTC and PIO chip kit $17 
MPF-2KRAM, 2Kx8 6116 RAM or equiv. $12.50 
MPF-2KROM, blank 2K EPROM $8 
MPF-4KROM, blank 4K EPROM $12.50 
EPB-MPF EPROM programmer board $145 
with manual (plugpack extra) 
SSB-MPF speech synthesiser board 
with manual (plugpack extra) 
PRT-MPF printer (plugpack extra) 


$145 


$95 


The Micro-Professor equipment is distributed in 
Victoria by the Radio Parts Group, 562 Spencer 
St, West Melbourne 3003. (03)329-7888. 


quickly. I would have liked to see if the 
further vocabulary could be manipulated 
around using the other facilities. There 
seems to be no reason why this could 
not be achieved readily with the EPB 
board. 

Finally, the printer (PRT-MPF). This 
is a marvellously compact unit, being 
all up the same size as the other options. 
It is supplied with a book and plugpack, 
as are the others. It prints, albeit at less 
than one line per second, up to 20 char- 
acters per line on thermal paper. The 
result is black on white and very read- 
able. The board has space for the 
addition of one further EPROM or RAM 
chip, just as a method of using board 
space economically. It comes supplied 
with software to disassemble Z80 code 
(very nicely) and to list BASIC, as it is 
not of course limited to 7-segments as is 
the MPF-1 display. These, as well as a 
memory dump program, are contained 
with the driving utility routines in the 


EPROM on-board. Because of this free- 
dom to print in dot matrix form rather 
than the inherent hardcopy output, this 
particular peripheral is very useful 
indeed. In addition, sufficient documen- 
tation is supplied to allow the program- 
mer to get down to the very dot delivery 
level, so that one can obtain a complete 
hardware familiarity with this species 
of printer. 


Summary 


As I said when I started, the MPF-1 
system is fundamentally a teaching 
system which exposes its designer’s 
thoughts and techniques well to the 
student. It is comprehensive and detailed 
in its design and programming. It is also 
particularly good monetary value. 
Schools and other teaching institutions 
can afford several of these I am sure. 
While the ever popular ‘home’ computer 
plays games and BASIC is the language 
that people like kids to get into, games 
are not the stuff microprocessors are 
practically used for in commercial sit- 
uations and BASIC is a language on the 
way out, I hope. Further, one printer, 
one EPROM programmer and a single 
speaking box can service several MPF-1 
boards. Two of each mobile peripherals 
would support up to a dozen MPF-1s. 
This is the way schools and universities 
are going to have to go, to teach micro- 
processing as different from computing. 

In conclusion, the MPF-1 system is a 
beautifully designed specific purpose 
gadget. I recommend it wholeheartedly 
for the purpose for which it is intended, 
but I must reiterate my warning that it 
is not general purpose and hence not to 
be regarded as the basis for an expand- 
able system for playing or number 
crunching. In short — for the dedicated 
student, not the frivolous. e 


Paint your wagon? 


— with Tandy’s colour 
computer 


Roger & Jamye Harrison 


Aimed directly at the ‘home’ computer market, Tandy’s 
latest addition features sound, colour, graphics, plug-in 
games and direct-to-TV output. It’s well supported by 
software and a host of additions and accessories. An 
‘excitement machine’? — read on! 


THE TANDY TRS-80 ‘Color Computer’ 
represents a sidestep for them in a 
number of ways. It is aimed directly at 
the ‘home’ computer market with its 
direct-to-TV output and games cartridge 
facility. It is built around the Motorola 
6809 microprocessor and not the Z80 
Tandy have employed in their 8-bit 
computer systems in the past. But that’s 
the behind-the-scenes interest, the 
TRS-80 Color Computer (let’s call it the 
TRS-80C) has many features that make 
it an exciting competitor in the market- 
place. 

The colour and the graphics ability 


strikes everyone’s interest first. But, the 
TRS-80C has sound output via the TV’s 
speaker. The sound output produces 
tones and you can program the pitch 
and duration of the sound with a simple 
command. The plug-in cartridge facility 
is interesting because not just games 
are offered but useful programs like 
Personal Finance, a word processing 
pack (Color SCRIPSIT) and a financial 
planning package. If you upgrade to 
disk drives, these plug in to the same 
slot (located on the side of the unit). For 
games playing, joysticks are available 
and two sockets are provided on the rear. 


The basic TRS-80C comes as an 
entirely self-contained unit — no extra 
boxes trailing cords all over the place. 
It’s about the same size as a portable 
typewriter and the case is made from 
the familiar Tandy silver-grey plastic. 
A flap low down on the right side con- 
ceals and protects the cartridge socket. 
The power cord exits from the rear of the 
case where all the other accessory 
input/output sockets are located. There 
are two joystick sockets, an RS-232 
interface socket and a cassette tape 
socket. The language that comes on- 
board is a ‘dialect’ of BASIC. 
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The keyboard is unconventional. It is 
made up of square-cut push-switches 
located in a conventional QWERTY 
keyboard layout. If you’re a touch- 
typist, you won’t be happy with it but as 
most computer beginners are two-finger 
typists, it presents no problems. How- 
ever, after a period of time, depending 
on how much use it gets, some keys 
become unreliable and require servicing, 
we found. 

The screen text display consists of a 
miserly 16 lines of 32 characters and 
they are all UPPER CASE. This may be 
good enough for playing games or learn- 
ing programming, but it is a distinct 
disadvantage when it comes to any 
serious application such as text pro- 
cessing or education. To be strictly 
accurate the keyboard can generate 
lower case and the TRS-80C can display 
them — as reversed colour upper case 
letters! There really isn’t much excuse 
for a machine not to have proper lower 
case these days. 

There are three ‘levels’ at which you 
can purchase the TRS-80C. The ‘basic’ 
machine comes with 4K of RAM, eight- 
colour capability and a very compre- 
hensive teach-yourself manual. All for 
just $599, which pitches it fair and 
square between the Commodore VIC and 
the Atari 400. The 16K version with 
extended colour BASIC costs $799, while 
the 32K version is $1099. The extended 
colour BASIC features advanced 
graphics capability and easy program- 
ming with such commands as CIRCLE, 
LINE and PAINT. 

If you purchase at lower than the top 
level, Tandy have upgrades available 
and can install them for you. But be 
warned — it’s not cheap. 

The machine we received for review 
was the 16K version, together with 
joysticks and a dozen Program Paks. 

Apart from the keyboard and the 
screen text display the Color Computer 
is a good machine to use. The colour 
graphics are convincing — i.e: the 
colours are distinct and clear — but 
many of the graphics modes are only 
available in the 32K machine so make 
sure that you buy a system that’s big 
enough. One disadvantage of the 
high resolution graphics modes is the 
difficulty of mixing text and graphics. 
The sound generator can produce 255 
separate tones, but only one at a time. 
This means that playing chords is dif- 
ficult to say the least. One feature of the 
sound generator we liked was the way it 
was fed to the TV with the video signal. 
Having the ‘bleeps and squeaks’ coming 
from the TV where all the action is 
happening is much more satisfying 
than having them coming from a little 
box or from inside the keyboard. 

The cassette interface is OK, but you 
need a good recorder. By all reports 
Tandy’s own is best suited to the task. 
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Software 


Program Pak software comes in small 
plastic cartridges that plug into the side 
of the machine, as mentioned before. A 
wide variety is available. Of the 
games, Pinball was a hot favourite. This 
gives you a field or table on-screen with 
flippers at the bottom controlled by two 
keys. However, you can actually ‘pro- 
gram’ your own field which makes for a 
myriad of interesting variations. Skiing 
and Dinowars followed close behind in 
popularity. Skiing simulates a downhill 
race against the clock where you are the 
skier and the screen shows the scene you 
would see. It’s all very realistic and the 


sound effects are good — it starts with a. 


speech-synthesised “ready, set, go”! 
Dinowars is a game where two players 
control a dinosaur each (Tyrannosaurus 
Rex, no less!) and it comes complete 
with sounds — the monsters roar and go 
‘cark, cark’ when they die! Games for 
more than two players would have been 
useful as spectators get impatient. 

The TRS-80C comes with a usefully 
long length of output lead which allows 
you to sit across the room from the TV 
set when playing games. 

The BASIC is excellent. It comes from 
Microsoft and has all the standard com- 
mands plus a number of graphics com- 
mands which are powerful and easy to 
use. Some of these are very interesting. 
For example, CIRCLE (x,y),r,c,hw,s,f 
means plot a circle at x,y of radius r and 
colour c with a height to width ratio of 
hw starting at s and ending at f. If that 
seems like a lot for one instruction, it is! 
Using it you can plot any part of acircle, 
or an ellipse, of any colour of any radius 
anywhere! 

Two other commands worth knowing 
about if only to discover what other 
machines are lacking are the DRAW 
and PAINT commands. The DRAW 
commands will execute a string of 
graphics commands. So if you want 
to draw a square you load a string 
variable, A$ say, with the necessary 
instructions and type DRAW A$. The 
PAINT command is also very useful. 
For example, PAINT (x,y),c,b will fill in 
an area with colour c. The way the area 
is defined is that, starting at point x,y, 
the colour fills the screen but will not 
cross any line or area drawn in colour b. 
For example, if you had drawn a square 
using blue lines, then PAINT (x,y),2,3 
would fill the square with yellow if x,y 
was inside the square. If x,y was a point 
outside the square, the yellow colour 
would fill every part of the screen 
except the inside of the square. 

There are other commands that make 
Color BASIC very good for graphics, 
game playing and education. Each 
would require at least a paragraph to 
explain so all we can do is to direct you 
to a Tandy shop to find out about 
AUDIO, GET, PUT, LINE, COPY, 


PLAY, SOUND, etc. 

Apart from the copious software 
packages available from Tandy in Pro- 
gram Paks, on cassette and disk, a huge 
assortment is available from other 
suppliers, particularly if you’re prepared 
to buy from overseas. 


Manuals 


There’s only one word to describe the 
TRS-80C manuals: superb! We received 
three manuals: an Operation Manual, 
Getting Started With Color BASIC and 
Going Ahead With Extended Color 
BASIC. The first is a simple 32-page 
booklet showing you how to get the 
machine operational, but it’s pretty 
comprehensive for all that. The Getting 
Started book is a huge 300+ page book 
that gets you straight into program- 
ming. It is well written, includes useful 
‘side comments’ and is interestingly 
illustrated. It is written in a ‘pro- 
grammed course’ style with exercises 
and re-capping at the end of each chap- 
ter. Suggested answers for exercises 
are given as well as a range of sample 
programs. The Going Ahead book is a 
little smaller at 215 pages and is 
structured in the same way. Top stuff, 
Tandy! 
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Figure 1. Memory map of the TRS-80 Color 
Computer : 


Inside 


All the inner workings are located on 
one large pce board, except for the key- 


16K 
RAM 


board which is mounted to a panel of its 


own suspended from the case. Most of 
the main pc board is covered by tinplate 
shielding enclosures. One assumes this 
is to comply with US Federal Commun- 
ications Commission requirements 
about RF radiation from computers. 
From what we can glean, Motorola 
designed a_ single-board computer 
around the 6809 and a set of very smart 
chips, then sold the idea to Tandy under 
a licensing arrangement. A cunning 
marketing move to sell some very 
cunning electronics. 
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Figure 2. Overall block diagram of the TRS-80 Color Computer. 


The 6809 is an 8-bit microprocessor 
with 16-bit internal registers and a 
wide range of easy to use, yet powerful 
instructions. Many computer buffs con- 
sider the 6809 one of the more advanced 
8-bit processors. 

Motorola’s cunning support chips are 
the 6883 (74LS783) Synchronous 
Address Multiplexer (called SAM) and 
the 6847 Video Display Generator. The 
SAM is a very clever device that ‘looks 
after’ the memory for the 6809. It gen- 
erates clock signals and the necessary 
refresh signal for dynamic RAM, allows 
bank switching between two 32K pages 
of RAM and a variable clock rate to 
allow slow RAM and fast ROM to be 
used. In addition to all this it interfaces 
the VDG to the memory in such a way 
that the 6809 and the VDG share the 
memory without any loss of speed. In 
fact the SAM and the VDG are ‘locked’ 
together in the sense that they share 
the same clock signals and the same 
operating mode. 

The VDG has no direct control over 
the memory, it is only connected via the 
data buss. The SAM, knowing which 
display mode the VDG is working in, 
produces the appropriate address at the 
right time to deliver the correct piece of 
data to the VDG for display. This is very 
different from the way most video 
generators work; normally both the 
data and address lines are shared by the 
microprocessor and the video generator 
—~ this causes timing problems and only 
allows one area of memory to be treated 
as the ‘screen’. Using the combination of 
the SAM and the VDG, the SAM can 
resolve any timing conflicts and also 
choose the area of memory that will be 
delivered to the VDG for screen display. 


This last feature makes a certain 
amount of animated graphics possible 
by drawing a number of pictures at 
various places in memory and switching 
the display area from one to another. 

The VDG itself is capable of a wide 
range of display modes, the most 
important are: 


& 
AY) S oS eu 
Ss fF SS 
Text 32x64 8 1 
0 128x96 2 1 
1 128x96 4 2 
2 128x192 2 2 
3 128x192 4 4 
4 256x192 2 4 


Text mode provides a TRS-80 compat- 
ible SET/RESET style of graphics. The 
amount of memory each mode uses is 
given in pages or blocks of 1.5K. You 
can see how the display memory is 
allocated from the memory map in 
Figure 1. 

The 16 or 32K of RAM is provided by a 
row of eight dynamic RAM chips. The 
ROM memory is in the form of two 8K 
chips and there is no room for any more 
on the main pc board. Of course this 
doesn’t matter because you can plug 
in an extra 16K of ROM (or RAM!) by 
using a Program Pak. 

Two 6821 Programmable Interface 
Adaptors are used: one for the keyboard 
and joysticks, the other for the RS232 
interface, cassette interface and sound 
generation. Sounds are actually pro- 
duced by a digital-to-analogue (D/A) 
converter. If a complex sound needs to 


be generated the computer tends to 
spend all its time doing this and thus is 
not available to move objects around the 
screen etc. If you want complex sounds 
with high resolution moving graphics 
it’s not on, which is somewhat of a 
limitation. 

The modulator uses another Motorola 
chip that combines the video and sound 
outputs properly and you get good, clean 
picture and sound output on your TV. 

The overall block diagram is shown in 
Figure 2. 

The RS232 interface is not ‘complete’ 
but really a subset of RS232, consisting 
of Receive, Transmit and Carrier Detect, 
but these are generally enough for most 
applications, such as adding an acoustic 
coupler, serial printer etc. 


Summary 


The TRS-80 Color Computer has a great 
deal to offer and few daunting draw- 
backs. While more expensive than some 
other colour computers on the market, 
the TRS-80C offers good value for money 
and has massive software support — 
which is very important. The games- 
playing bit should be viewed as an 
amusing sideline or just as a marketing 
peg, but the designers have taken 
it seriously and the games offered 
are imaginative and generally well 
designed. 

The manuals are probably the best 
we've ever seen and the BASIC supplied 
is certainly extensive and includes some 
useful and powerful commands. As an 
‘entry point’ to home computing it 
is a well thought out system and 
deserves a careful appraisal. In a 
word — recommended. e 
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“You'll have 


a shandy, then?... 


Tom Moffat 


39 Pillinger Drive, Ferntree Tas. 7101 


Imagine this scenario: a man walks into his local 
computer shop intending to buy a printer. A few minutes 
later he’s made his selection. The salesman wraps it up 
and hands it to the buyer, who then carts it down the stairs 
and out the front door. Strapping the printer parcel to the 
handlebars of his bike, he heads off home ... 


IT’S NOT FICTION; that’s exactly how 
the Sharp CE-122 dot impact printer 
fell into this writer’s hands. This printer 
would probably qualify as the smallest 
on the market at the time of writing. 
It’s designed to mate with the Sharp 
PC-1211 pocket computer, and, un- 
officially with the Tandy pocket 
TRS-80. (Maybe we should call it the 
‘Shandy’!) 

When the Sharp and Tandy pocket 
computers were first released neither 
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had a printer available though both 
computers had the appropriate control 
lines brought out for printer control. 
Then Sharp released their printer which 
worked equally well with either the 
Sharp or Tandy. Tandy at this time 
(September 1981) would only say they 
had a printer under consideration so we 
decided to review the Sharp printer/ 
Tandy computer combination. On the 
day the review originally went to press 
(ETI November 1981) we received the 
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Tandy News Release (next page) which 
gives details of Tandy’s Pocket Printer. 


Printer design 


The physical design of the CE-122 is 
much along the lines of the Sharp/ 
Tandy cassette interface. It forms a 
cradle into which the computer is 
inserted, making contact with a plug at 
the computer’s left hand end. The 


printer mechanism itself is in an 
extension to the interface’s normal 
length, adding about 75 mm to the left 
hand end. Near the back is a compart- 
ment which holds a tiny roll of paper (it 
looks like a small roll of cash register 
tape). 

The paper is nothing special and 
is therefore quite cheap (about 28 cents 
a roll). Another little cover on top opens 
to reveal a tiny nylon ribbon in an 
endless cartridge, said to be good for 
about 10 000 lines of print. 

You can see the printing going on 
through a little window, and completed 
copy rolls up through a slot in the top, 
which has a serrated edge for tearing 
the paper off. 

Below the slot is a row of controls: a 
LED that flashes when the printer's 
rechargable battery is low, a button to 
advance the paper, a switch to override 
tape motion control in the cassette 
interface, a switch to enable the printer, 
and a power switch for the whole unit. 

The cassette interface is much like 
the one supplied separately, although 
the one in the printer unit seems to be 
less sensitive to input level variations 
than the free-standing interface. 

The printer mechanism works in a 
most unusual way; instead of printing 
each character in one hit and then 
advancing to the next one, it prints the 
top row of dots of a line of characters, 
then jumps down and does the next line, 
and then does it again and again until a 
complete line of 5 x 7 matrix characters 
is printed. 

Information to be printed is supplied 
by the computer simply as a burst of 
serial data. The printer has its own 
CPU, a printing control chip, and a 
1K RAM to store the data, convert it to 
the proper format, and control the 
action of the print head. In fact the 
printer seems to have nearly as much 
electronics in it as the computer itself. 

Because it gets the data transfer over 
quickly, the computer is able to get on 
with its main task while the printer is 
sorting out the print data. The computer 
therefore sometimes asks for new input 
data on its liquid crystal display while 
previous computation results are still 
being printed. 

The computer gets into the print mode 
in a very sneaky way ... and I spent 
untold hours trying to crack it before the 
printer came on the market. 


But how? 
The usual Tandy ‘LPRINT’ results in a 
syntax error; so does APRINT, 


BPRINT, CPRINT, DPRINT, and every 
other combination you can think of. The 
print mode is in fact selected by pressing 
the break key twice (now whoever 
would have thought of that!). Knowing 
how to get the computer to spit the data 
out, I'd like its serial port to allow one to 
use another computer to generate print 
data for a conventional teletype 
machine. 

In the ‘Shandy’ system, when the 
print mode is selected print statements 
no longer come up on the LCD display; 
instead they come up on the printer, 
sixteen characters to a line, and if the 


TANRY 


NEWS RELEASE 


oate: Ist October, 1981 
RELEASE NOTC=811001-DH 


SUBJECT: 
Pocket Printer 


COMPUTING TODAY 


statement is more than sixteen charac- 
ters long it simply continues on the 
next line, breaking a word in half if 
necessary. However, if the programmer 
formats the print statements with extra 
spaces to prevent word splitting, the 
result looks quite presentable. 

The list function is done in two 
different ways. If you type in ‘LIST 10’ 
or any list with a line number, the line 
in question appears on the LCD display 
in the normal way. But if you type 
‘LIST’ with no line number, the com- 
puter will proceed to output every line 
in its memory to the printer. It uses a 
special format: first the line number on 
the left of the paper, then the contents of 
the line. If the line length runs longer p> 


FOR FURTHER INFORMATION CONTACT 
Mal Williams 
TRS-60 Merchandising Mgr. 


Tandy Corporation (Australian Branch) 
200-316 Victoria Road, Rydaimere, 2116 
Sydney, Australia 

P.O. Box 229 Telex: Tandy 25425 
Telephone: 638 6633 


Pocket Printer Now On Sale 


Tandy Electronics, manufacturers and retailers of the world's largest-selling 


little computer - the TRS-80, have released a minature printer and cassette 
interface combination to suit the widely-acclaimed TRS-80 Pocket Computer. 


The tiny printer outputs 16 alpha-numeric characters per line, with automatic 


“wrap-around” of lengthy text to the next line. 


Data printouts and programme 


listings are printed in easy-to-read dot matrix characters. 


The built-in cassette interface allows programmes and data to be dumped to and 
loaded from cassette tape with a suitable recorder, such as the Minisette-9 
Ultra Slim Cassette Recorder (Cat No. 14-812, $89.95). 


The Printer/Cassette Interface (Cat. No. 269-3505) retails for $149.95 complete 


with rechargeable batteries and a mains adaptor/charging unit. 


Also included 


is a ribbon cartridge, three rolls of paper, cassette cable and manual. 


The TRS-80 Pocket Computer, Printer/Interface and Minisette Cassette Recorder 


combine to make a useful tool for architects, engineers, accountants or 


salesmen who need a small system to fit in a briefcase or handbag. 


The Pocket 


Computer can handle many of the tasks carried out on desktop-sized microcomputers, 


and its' versitality is further enhanced by hard-copy printout and cassette data 


and programme storage. 


These products are available from and Tandy TRS-80 Computer Centre or through 


any of nearly 300 Tandy Stores and Dealers throughout Australia. 
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than 16 characters, printing continues 
on the next line; four spaces are first 
added to line numbers so they appear in 
one column, and line contents stay in 
their own column. This makes for a very 


SPECIFICATIONS: 

SHARP CE-122 PRINTER. . 

Columns: 16 

Dot structure: 5 x 7 matrix 

Print speed: approx. one line per second 
Battery life: about 8000 lines per charge 
Recharging time: about 15 hours 

Power consumption: 1.84 watts 


PRINTER VERSION 


neat and easy to read list. 

Any program written for the com- 
puter in the normal way will work with 
the printer, with PRINT statements 
being printed and PAUSE statements 
appearing on the LCD display. But re- 
writing a program to take advantage of 
the printer’s format makes for a much 
nicer result. 

To demonstrate this we've included 
two versions of a spacecraft landing 
program, originally translated from the 
one included with Tandy’s TRS-80 
Level 2 BASIC manual. The first 
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version is designed for the pocket 
computer only, without a printer; the 
second has had a few changes made to 
take full advantage of the printer. The 
program gives a choice of four bodies to 
attempt a landing on, with gravity 
effects appropriately modified for each. 

It also takes into account the reducing 
weight of the spacecraft as fuel is con- 
sumed. The ‘fuel’ burn is entered as a 
percentage of maximum thrust, from 0 
to 100, and the result of the landing is 
displayed with the appropriate 
comments. Have fun! 
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arrangement. This is memory econom- 
ical, but limiting in the available 
patterns. Speed is also sacrificed because 
the keyboard is scanned, rather than 
interrupt-driven. One game, ‘Hide and 
Seek’, which demands neither speed nor 
fancy graphics, was quite good, but all 
the others were strictly for the slow of 
mind and finger (.. . which immediately 
excludes all children under 35! — Ed.). 

‘BASIC and the Home Computer’, the 
large introduction manual with which 
we were provided, is a comprehensive 
work giving what amounts to an excel- 
lent course in BASIC. It is, however, not 
likely to tell an experienced user much 
that he does not already know, and it 
discusses a BASIC with some small 
syntactic differences from the one found 
in the Superboard, so that programs 
cannot always be used directly. These 
annoyances make it a rather unsuitable 
accompaniment for the machine we 
were given. 


The Superboard before 
DABUG 


The 6502 is a pleasant processor, easy to 
get familiar with, and excellent for 
small programs and systems. The 
Superboard is organised in the standard 
6502 fashion, with page zero set aside 
for data storage to take advantage of the 
zero-page addressing capability, and 
page one for the stack. Above this there 
is just over %K of space for the screen, 
and the rest is free to the end of RAM for 
BASIC or whatever you are doing. At 
the far end of the address space live the 
monitor, BASIC-in-ROM, and some area 
set aside for I/O work. 

The BASIC offered is relatively good. 
The 6502 is not really a large number- 
crunching processor, but has been 
implemented well here. The vocabulary 
is fairly typical, and the speed good; an 
empty FOR/NEXT loop will cover 10 000 
iterations in just over 10 seconds. 

The monitor/operating system (which 
is what DABUG will overwrite) is less 
than pleasing. There is no editing facil- 
ity whatsoever beyond ‘backspace’, 
which does not even obliterate the 
character from the screen. There is a 
nominal machine level inspection/ 
change/run routine which may be 
entered instead of BASIC, but it is as 
crude as you can possibly get, offering 
no assembly or disassembly facility at 
all, no stepping or breaks, etc. If you 
have any experience at all in program 
development you will immediately 


realise that this is a terribly painful 
handicap. 

The cassette interface is typically 
slow, but reliable. The Superboard’s I/O 
connections are particularly crude, as it 
relies upon the expansion board (610) to 
provide access to the system for peri- 
pherals. This we consider to be another 
serious disadvantage of this unit. The 
only access to address and data lines is 
via a single DIL socket in the centre of 
the board. There is provision for a single 
DAC on the board, so as to enable con- 
nection of a speaker, and that is all. 

One further point annoyed us. While 
we understand and support the use of a 
character generator with a few useful 
pattern characters for graphics, instead 
of a bit-mapped arrangement on the 
screen which is very wasteful in all 
applications except certain games, it 
must be done with care. The 24 x 24 
format, which is the default in the 
Superboard, gives such ugly characters 
as to give one a headache in no time at 
all. Fortunately, it can be converted to a 
12 lines of 48 characters format, but this 
is not very simply achieved. You have to 
use a utility program on one of the 
cassettes and then execute a POKE 
command to effect the change, and this 
gets boring quickly. 


The Superboard after 
DABUG 


Selling for around $35, DABUG is an 
absolute must for anyone with a Super- 
board. Your money gets you the 
EPROM, which replaces the system 
monitor ROM, and a small booklet with 
the operating and installation instruc- 
tions in clear, well organised steps. One 
small adjustment to a link on the board 
and swapping chips enhances the oper- 
ating system immensely. You get: 


1. On-screen editing of lines with easy 
insertion and deletion of characters, 
merging, etc. 

2. Destructive (visible) backspace 

3. Line entry cancel 

4. Single-key screen clear 

5.Single-key screen mode change 
(24x24 to 12x48 and vice versa) 

6.Single-key entry of BASIC com- 
mand words (ZX81 fashion) 

7.Freezing of display during list or 
run (pause keying) 

8. Relocation of monitor output (use- 
ful when you get further into the 
machine). 


These facilities are unquestionably 
worth every cent of the price. With the 


addition of this PROM the Superboard 
becomes so much more convenient to 
use that it is redeemed. 

Two minor quibbles and two more 
serious inadequacies remain. Firstly, 
the two quibbles: the machine has a 
non-programmable character generator 
type of display, and a keyboard which is 
searched rather than interrupting. 
These two properties are only likely to 
be a disadvantage in the area of games 
playing. It is our belief that the manu- 
facturers saw games only as a sideline. 
If you are into games, waste memory on 
a bit-mapped screen and get interrupts 
to drive the I/O. 

The failures of a more serious nature 
are the difficulty of organising I/O, and 
the lack of support for machine-level 
work. We were not able to investigate the 
I/O capabilities with the 610 board 
fitted, but at least without it the Super- 
board must be regarded as fundamen- 
tally a self-contained unit. There is 
little consideration given in the design 
to interfacing with special-purpose 
devices, as there is in machines such as 
the Apple (which is 6502-based). This 
will be a concern only if you intend to 
use peripherals not specifically fitted to 
the Superboard, or if you intend to build 
any of your own interfaces, etc. The lack 
of innate support for machine-level 
work, in the form of a monitor with 
single-step and break facilities, or a 
crossassembler/disassembler, may in 
fact be curable by the immediate pur- 
chase of some appropriate software, but 
if you ever intend to get at all serious 
about microprocessors you will need 
this, so bear it in mind. 


In conclusion 


Overall, the Superboard (with 
DABUG — forget it without this) is 
pretty good value at about $240 + $35. 
With the criticisms above it is worth 
noting that machines which do not 
suffer from its limitations come at no 
less than double and possibly five times 
the price. It all depends what you are 
after in a computer. This author likes to 
build his own interfaces, and in any case 
spends over halfa computer’s time play- 
ing games. Such usage is not in the line 
of the Superboard. Also, machine-level 
programming is very often used directly 
in games and I/O work, so this facility is 
missed on the Superboard. However, if 
you want to compute cheaply and not 
run strange devices then the Superboard 
is very appealing. e 
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Commodore VIC-20 
Reviewed 


Another from the very successful Commodore stable, the 
Vic-20 seems to be aimed very firmly at the centre of 
the first-user market. How does it shape up compared with 
the other dozens of machines trying for the same market? 


Phil Cohen takes a look... 


COLOUR SEEMS TO BE an important 
word in the personal computer market 
these days. Or should I say ‘color’? 

The VIC-20 is very big on colour — in 
fact, there seems to be much more 
emphasis placed on the graphics, colour 
and games capabilities of the machine 
than on its computing abilities as such. 

It’s curious that, as the playing of 
games seems to be such an important 
part of personal computing (and why 
not — what better way to learn?) most 
manufacturers seem to be convinced 
that the provision of mathematical 
functions is essential. 

However, the VIC-20 manual is 
perhaps a sign of the times here — the 
BASIC mathematical functions (sine, 
cosine, etc) are covered only in an 
appendix to the main part of the 
manual! It’s obvious that Commodore 
have realised that most of their market 
don’t remember what a sine is. 


First Impressions 


The VIC case is not much bigger than 
the keyboard itself. This is achieved by 
using a ‘plug pack’ power supply (which 
plugs straight into the wall, with only 
9 Vac coming out of it). 

The use of a plug pack has several 
advantages — not the least of which is 
cost. Plug packs are made in enormous 
numbers, for use in lots of different 
applications, and so are cheaper than a 
purpose-built, installed power supply. 

Another advantage is that there is no 
mains (and therefore no danger) inside 
the machine itself. This means that it’s 
a lot safer in domestic environments, 
where the odd cup of coffee (or cold 
tinnie) may get spilt over it. 

Commodore have also elected to have 
the modulator (which turns the ‘video’ 
signal into something suitable for 
putting into the aerial socket of your 
TV) outside the case. 

So the VIC-20 is light and relatively 
safe (having a lot of the works outside it 
in other boxes). 
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One unfortunate result of having this 
arrangement, however, is that you end 
up with a lot of boxes and bits of wire. 
The manual covers connecting up pretty 
well, though. 

The keyboard is good. Compared to 
the PET keyboard (also by Commodore, 
and still on sale), the VIC keyboard is 
terrific. The PET keyboard was a con- 
siderable embarrassment to Commodore 
when it first came out, and it’s nice to 
see that they have learned their lesson 
well. 

Something that this keyboard shares 
with the PET one, though, is the fact 
that every function of every key is 
actually marked on it. 

This is in contrast to some machines, 
which leave you guessing a little when 
it comes to choosing the right key for a 
particular graphics character. The VIC 
gives no problems here. 

Each key can give four results 
(depending on the use of the SHIFT key 


Phil Cohen 


and a special graphics shift key, which 
has the Commodore logo on it for some 
reason). The first result is an upper case 
letter, the second and third are two 
graphics characters (engraved on the 
front of the key side by side). The fourth 
is a lower case letter (i.e: a, b, c, rather 
than A, B, C). 

By pressing both shift keys at the 
same time (the SHIFT one, and the 
Commodore logo one), you can put the 
machine into ‘text’ mode. 

In this mode, the keyboard will give 
upper case letters, lower case letters, 
and half of the set of graphics characters 
(which should be enough for most 
purposes, anyway). 

The VIC is unique in computers of its 
range in this respect — I can’t think of 
another similar machine that comes 
with upper and lower case (essential for 
word processing and some teaching 
functions) as standard. 

The top row of keys, when used with 


the CONTROL key, provides the best 
treat of all, though. The first eight allow 
you to select the colour of the output of 
the machine. The next two allow you to 
turn the output ‘reversed’ and back 
again. 

This means that instead of black on 
white, you can reverse the output (for 
one character at a time, if you like) to 
give white on black. Or blue on green, or 
whatever, depending on what you have 
set the background colour to. 

Commodore have also taken a rather 
unusual (but, when you think about it, 
fairly obvious) step by including both 
the $ symbol and the British £ symbol 
on the keyboard (although they call in 
an ‘English’ pound symbol, of course, 
being Canadian). 


Turning it On 

First, I have to say that, for a machine 
that is sold for its graphics capabilities, 
the VIC-20 TV output is disappointing. 

All of the functions are there — the 
output of the computer can be in various 
colours, etc, but the quality of what 
appears on the screen is poor. 

_A suspect that at least part of the 
problem lies in the modulator — if only 
because that may well be different for 
Australian conditions, and the rest of 
the machine must surely be designed 
to give a better output -~ perhaps the 
addition of a poor modulator has de- 
graded the output of an otherwise good 
video source? 

Having got over that little deficiency, 
the machine seems to perform fairly 
well. 

The first message that appears is 
“3583 BYTES FREE”, showing that the 
VIC has just enough memory, but not 
enough for anything fancy. 

Certainly, all of the colour controls 
seem to work — by pressing the CTRL 
and the various colour keys I could 
make the machine put letters onto the 
screen in black, white, red, cyan, purple, 
green, blue and yellow. 

Why anyone would find this an 
advantage beats me — but colour is, as I 
have said, an important word in home 
computing these days. 

Perhaps it’s a case of being told what’s 
good for us, but the VIC’s publicity does 
make a big thing of the colour aspect. 

The BASIC is fairly standard — the 
manual goes to no great lengths to 
explain the mathematical side of the 
language, but it seems more than 
adequate in its actual operation. 

Sent with the VIC-20 was a games 
‘cartridge’. This is actually a ROM card 
in a plastic case (as is normal in these 
machines — and quite acceptable, too). 

The games cartridge plugs into a 
socket at the back of the machine — 
fairly straightforward. The game sup- 


plied with the machine I got was called 
‘Alien? — not too bad, with small 
crablike creatures being trapped in 
holes in the ground, dug in a maze by a 
little human character . . . 

In order to play the game properly, 
you need a joystick —- one was supplied. 
I found the joystick a bit stiff (and that 
was for adult hands) but perhaps it 
loosens with wear. 

You might have noticed that I’ve 
payed more attention in this review to 
the games capabilities of the machine 
than to its computing capabilities. 
That’s because the VIC-20 is so obviously 
designed to play games — and that’s 
what people will buy if for. 


Other Features 


One of the other much-advertised 
features of the VIC-20 is its ‘musical’ 
ability. 

This was the most disappointing 
feature of the machine, surpassing even 
the colour output in its lack of quality. 

I could hardly hear the tone output on 
my TV set — at first I thought that there 
could be something wrong with either 
the set, or perhaps the particular 
machine that I had been given for 
review. Then I noticed that the text of 
the manual was liberally sprinkled 
with notes to the effect that the TV 
volume should be turned up for use with 
the VIC. 

Well, I tujed that. After much fiddling 
and experimenting, the best I got was a 
rather pathetic series of tones, in an 
overwhelming sea of noise. 

In fact, the changing pattern of inter- 
ference caused by the screen display 
was almost as audible as the ‘intended’ 
audio output. 

Again, I feel fairly safe in blaming the 
modulator for this — the sound is put 
onto the TV’s signal, passes through the 
modulator, and from there into the TV 
and out of the TV’s speaker. 

Having found the sound and the 
vision lacking, I feel bound to say that, 
apart from these faults (both of which 
are advertised as strong points of the 
machine, though), there was not much 
else wrong with it on the hardware side. 

Expansion of the VIC is fairly well 
supported, with a serial port on the 
back, and facilities for the addition of a 
cassette recorder for the storage of pro- 
grams (not supplied, and requiring a 
special type of plug). 

A memory expansion slot is also in- 
stalled, and a D connector for joystick(s) 
and light pen. 

Another interesting feature is a sepa- 
rate ‘function’ keypad, which seems to 
be useful only for the games cartridges 
— there are no BASIC statements which 
access the keys directly, as far as I 
can tell. 


Programming the VIC 


All the way through this review, I have 
been mentioning that the VIC is in- 
tended for games. It becomes abundantly 
obvious once you start to use it that the 
VIC is intended for plug-in games. 

The reason I say this is that, while 
many features are available on the VIC 
which could make for some very nice 
games features, the nicest of them (the 
sound generator, the joysticks) have to 
be accessed via the PEEK and POKE 
statements. 

Let me just clarify that for those who 
are not familiar with BASIC. BASIC is 
a ‘high-level’ language, which means 
that it is easy to use. 

However, there are things that can’t 
be done with BASIC, and for these, pro- 
grammers resort to the use of PEEK and 
POKE statements, which examine and 
alter the contents of the machine’s 
memory directly. 

In order to use these statements 
properly, you have to know how the 
machine operates internally. 

The approach that Commodore have 
taken, however, (and one for which they 
will receive much criticism) is to tell the 
user how to achieve the various games- 
related functions by the use of PEEK 
and POKE in a ‘monkey-see, monkey- 
do’ manner. 

The manual takes the following line: 
“Do this...now do this. This should 
happen...isn’t that fantastic!”. 
Unfortunately, whoever wrote the 
manual forgot (conveniently) that many 
of the people who bought the machine 
did so for the purpose (at least partly) of 
learning something about the computer. 

The VIC manual left a bad taste in my 
mouth (no, he didn’t eat it... Ed). I got 
the impression very strongly that 
Commodore had decided on a bubble 
gum wrapper approach to writing the 
manual, and used it to cover up the fact 
that they had short-changed the con- 
sumer when designing the VIC BASIC. 

I feel badly about not recommend- 
ing any machine which I review. It does 
nothing for me, does nothing for the 
seller of the machine, and does little for 
the customer (who will very seldom 
actually make a decision on which 
machine to buy by reading reviews). 

Games playing on the VIC is about all 
you get. And in order to do that with any 
degree of satisfaction, you will have to 
shell out for games cartridges. 

However, to soften the blow there are 
quite a number of books available now 
for VIC-20 owners, covering many 
aspects of the machine. e 


(Two units were supplied for review by 
Dick Smith Electronics). 
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Direct copy addition for the 


Sorcerer/MX80O 
printer combo 


Don Thomasson 


Here is a method of getting the Sorcerer to 
print what it's showing on the screen onto 
an attached Epson MX80 printer. 


THE EPSON MX80 printer employs a 
pair of microprocessors to control its 
actions, an 8049 and an 8041. The pro- 
gram for the 8049 is quite large, extend- 
ing to 6K, and the behaviour of the 
printer can be varied extensively by 
using different programs. 

The original program provided a 
number of type styles, vertical and hori- 
zontal tabulation, variable line pitch, 
and a number of other facilities. A later 
version dropped some of these facilities, 
but added ‘Bit Mode’, of which more 
anon. The most recent version seen at 
the time of writing covers most of the 
features offered by either of its pre- 
decessors, plus italic type and reverse 
video types. Since none of these pro- 
grams appear to have identifying refer- 
ences, it is necessary to be specific when 
enquiring about them. 

It should be added that some of the 
programs are available in three-ROM 
form, and to use these it is necessary to 
cut a link on the main circuit board to 
disable the program held in the 8049 
microprocessor. Others are supplied asa 
4K ROM and a specially programmed 
8049. A little confusing, till you get the 
main idea. 


Bit mode 


The most interesting facility offered by 
these programs is ‘Bit Mode’, which 
allows every dot position in the whole 
printout area to be defined as black on 
white. The only snag is that this can 
involve quite a lot of dots, up to about 
7400 per square inch. An A4 page could 
accommodate 650 000 dots, and storing 
that would involve more than 80K bytes 
of storage! 

For some types of work, such as graph 
plotting, the amount of data can be cut 
down by specifying the position of black 
dots and counting offthe white dots from 
the left hand margin, but even that can 
involve some complex programming. 
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For those who find themselves frus- 
trated by their inability to make 
adequate use of Bit Mode, Screenprint 
may provide an answer. 


Screenprint 


Screenprint is a machine code program 
for the Z80, and though described here 
for the Sorcerer it can be adapted quite 
easily for other computers with memory- 
mapped displays. 

The Sorcerer stores its screen data in 
1920 bytes of RAM, each byte relating to 
a given character position on the 30-line 
by 64-character screen. Each byte holds 
an ASCII code, which is translated into 
a pattern of 64 dots by reference to the 
standard character RAM or the graphics 
RAM. The latter can be set by software 
to any desired pattern, though the lower 
half of the graphics range is reset to 
standard forms when Clear Screen is 
called. 

Screenprint begins by setting IX to 
F080, the start of screen RAM, this being 
the screen pointer. An output sequence 
1B, 41, 08 is then sent to the printer, to 
set up a line spacing of 221.5 mm. Some, 
but not all, MX80 programs require this 
to be followed by the sequence 1B, 32 to 
confirm the setting. 

Bit Mode with 512 characters per line 
is then set by the sequence 1B, 4C, 00, 
02. This has to be done afresh for every 
line. 

HL is now set to F800, the start of the 
character definition area, and the first 
character is read into A. The result is 
multiplied by eight and added to HL to 
form a pointer, each character definition 
occupying eight bytes. 

The next operation involves storing 
the eight bytes defining the character, 
after which the first bit of each of the 
eight bytes is assembled in A to form the 
first data output to the printer. This pro- 
cess is necessary because the bytes de- 
fine eight horizontal dots, whereas the 
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Epson’s trusty little matrix printer contains 
enough processing power to be able to cope with 
various type styles, tabulations and line pitches. It 
also copes with dot resolution graphics, and some 
examples can be seen on the right. 


printer requires eight vertical dots. 

When A has been set, a NOP byte is 
provided; changing this to 2F reverses 
the print action to white on black, like 
the screen image, but black on white 
is clearer. 

The byte is then output, and the pro- 
gram loops to J4 to assemble the next 
output byte. When eight bytes have been 
transferred, a jump is made to J2 to ob- 
tain the next character. 

When the line is complete, IX AND 
3F = 0, this being used to induce a jump 
back to J1 to start a fresh line, unless IX 
has reached F800, one location beyond 
the end of screen RAM. 

Finally, a sequence 1B, 41, 9 is output 
to restore the line spacing to the normal 
1/6 inch pitch. Here again, some pro- 
grams may require the sequence 1B, 32 
to confirm the new setting. 


Performance 


The time taken to print a screen is about 
one minute, and the print quality pro- 
duced is good. There is a slight dis- 
crepancy between the vertical width ofa 
line and the nearest vertical spacing, but 
this is not too obvious. 

An important consideration is that a 
manual call to Screenprint will show up 
on the screen and thus on the printed 
copy, so it is usually wise to arrange for 
an automatic call at an appropriate 
point in the program which creates the 
display. If this is not possible, then the 
intruding text can be covered by using 
cursor left to regain the start of the line, 
spacing forward to erase the text, and 
then pressing Return. The Monitor does 
not object, and ignores the redundant 
part of the input. @ 
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Two sample printouts of graphics produced on the Sorcerer taken directly up, but you can still see the difference in tones available. These are pro- 
from the printer. Because some reduction of size has had to be performed duced by putting less dots into a given area. 
in order to get them onto the page the individual dots have tended to close 


s 2 J3 LD A, (HL) 
Program Listing LD (BE) A 
INC DE 


DINZ J3-$ 


PARLOT EQU 9E@21 ;PARLOT 
SCRPR PUSH 7Must be used 


PUSH 

PUSH 

PUSH 

PUSH 

LD IX,0F080 
LD A,27 
CALL PARLOT 
LD A,65 
CALL PARLOT 
LD A,8 

CALL PARLOT 
LD A,27 
CALL PARLOT 
LD A,50 
CALL PARLOT 
LD A,27 
CALL PARLOT 
LD A,76 
CALL PARLOT 
XOR A 

CALL PARLOT 
LD Aj? 

CALL PARLOT 
LD HL,@F800 


; because all 
;eight bits 
7must be 
;outputs 


7ESC 


7A 


CALL PARLOT 
POP BC 

DINZ J4-$ 
PUSH IX 

POP HL 

LD A,L 

AND 63 

JR NZ,J2-$ 
LD A,13 
CALL PARLOT 
LD A,10 
CALL PARLOT 
LD A,H 

CP 248 

JR NZ,J1-$ 
LD A,27 
CALL PARLOT 
LD A,65 
CALL PARLOT 
LD A,9 

CALL PARLOT 
LD A,27 
CALL PARLOT 
LD A,5@ 
CALL PARLOT 


7;To allow for 
; inversion 


;CR 


3; LF 
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How to store more 
data on cassette 


If you don’t want, or cannot afford, to go to a disk-based 
system, then you'll certainly need to make more efficient 
use of your cassette storage system. Here are some very 
useful routines for those running something akin to 12K 


Microsoft BASIC. 


MOST ARTICLES and books seem to 
treat the subject of cassette data files 


very casually, assuming that any serious. 


users must be into disk operations any- 
how. This isn’t necessarily the case, and 
this article aims to look at the neglected 
subject of making the best possible use of 
cassettes for data filing, particularly 
where large amounts of data are 
concerned. 

The system on which these routines 
have been developed is a TRS-80, but it 
is more than likely that your cassette 
system is structured in the same way, 
particularly if your BASIC is the 12K 
Microsoft type. 


The system constraints 


The fundamental data storage com- 
mand is PRINT#-1, followed by the 
appropriate variable name, which may 
be numeric or string in type. Each time 
the PRINT#-1 command is encountered 
in a program the cassette motor is 
started, a leader of 255 bytes of syn- 
chronisation pulses recorded, then the 
data, checksum and filename followed 
by a trailer of one byte. Even if the data 
consists of just one number the same pro- 
cedure is followed and if the PRINT#-1 
command is placed in a loop the result 
will be a number of separate recordings 
equal to the number of loops performed. 

Life would be considerably easier if we 
could write: 


PRINT #— 1,FOR Z= 1 TO 20;L$(Z):NEXT 


but we can’t, even if 20 of the strings 
would fit comfortably in the 248 bytes 
(or so) that are allowed in each burst 
of recording. 
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Ways round 


For these reasons alone it is worth spend- 
ing some time looking for alternatives to 
this method, both for packing and un- 
packing data from tape. 

The simplest packing routine depends 
on the use of multiple variables after the 
PRINT#-1 command. If we write: 


450 PRINT #— 1,L$(1),L$(2),L$(3), 
L$(4),L$(5) 


then all five strings will be recorded in 
the one burst provided their length does 
not exceed the 248 byte limit. 

This is quite adequate provided you 
know the length of the strings and can be 
sure that they will not exceed the limit. 
Variables can, of course, be mixed but 
when you recover them from the tape 
with the INPUT#-1 command you must 
ensure that the type order is maintained 
or errors will occur. 

The problems start to arise when a 
large quantity of data has to be recorded 
and subsequently recovered, because the 
simple method given above does not 
always represent the most efficient way 
of going about the task. Life is easy ifthe 
data comes in a standard form; take 
strings of 12 characters in length, for 
example. If these were arranged as an 
array, L&(n), and each element con- 
tained a string of 12 characters we could 
pack 20 of them into one burst of 
recording: 


100 T$ =''"':FOR J=1 TO n STEP 
20:FOR Z=0 TO 19 

110 T$=TS +L$ (U+Z):NEXT 
Z:PRINT #-— 1, TS8:T$ =''" NEXT J 


Ian Sinclair 


The total number of variable items is 
represented by n in the above example. 
Using this technique you can pack five 
minutes of tape with a very impressive 
number of bytes of information, five sec- 
onds per 240 byte burst giving a total of 
2880 bytes per minute or 14K in five 
minutes. 

To actually unscramble all this in- 
formation the subroutine given in List- 
ing 1 is needed. This replays the tape 
using the INPUT#-1 command and 
uses the MID$ string operator to sepa- 
rate out the 12 character groups from the 
complete string. There are several ways 
of terminating the playback which avoid 
the normal error message that results 
from reading nothing. 

The first is to actually PRINT#-1, n 
in line 480 so that the routine knows how 
many sets of characters it is supposed to 
read. An alternative is to detect a null 
string and use that as the terminator, as 
has been done in Listing 1. The third 
method is to use the built-in error trap- 
ping routines of the TRS-80 to force the 
program out of the INPUT loop when an 
‘out of data’ error occurs. 


How long... ? 


The really thorny problem, however, is 
when strings of undetermined length 
have to be recorded and replayed. Data 
such as names and addresses won't 
always conform to a convenient 12 
characters per string format, yet we 
already know how wasteful it is to use 
one variable at a time. There are three 
possible solutions to this problem, all of 
which I use on a regular basis. 

The first is to pad out all the data toa 
standard length. As long as the data 
does not vary too widely this is a reason- 


ably acceptable technique, and Listing 2 
gives a routine which will pad to a length 
of 20 given that the data is between 8 and 
20 characters in length. Normally, we 
would not pad strings which vary quite 
so much; between 12 and 20 would be 
more acceptable. 

One of the failures of this technique is 
that it generally results in ragged print- 
ing, so some de-padding wiil have to be 
performed before the data can be sent to 
a printer. This can be performed by a 
routine such as that shown in Listing 3; 
it’s slow, but so are printers! When you 
are faced with strings that can vary be- 
tween 1 and 50 characters in length, 
padding is no longer a viable solution 
and another method of packing must be 
sought. 


Spaces that aren’t 


One of the alternatives which can be use- 
fully employed is code 128. On the TRS- 
80 this produces a space, but it is not 
identical to the ASCII 32 space that the 
keyboard produces. This character is 
often available and a look through the 
graphics set of your system should re- 
veal one. As shown in Listing 4, this 
character can be identified as a separate 
entity and is used as a delimiter between 
strings. 

In order to check that the string you're 
about to add onto the block will not cause 
the total number of bytes to exceed the set 
maximum of 240, we must incorporate 
the look-ahead routine in line 570. As 
long as the length does not exceed 240 we 
continue packing; if it would exceed on 
adding the next string we stop, record the 
block of data, zero the byte count and 
start again. 

The packing speed is fairly fast but the 
corresponding unpacker, Listing 5, is 
not, owing to the fact that each character 
in turn has to be inspected to see if it is 
CHR$(128). If the data is being printed 
as it is being unpacked then this delay is 
of less importance. 


The ultimate packer? 


My ‘best’ solution to the problem is to use 
a slightly lower packing density, which 
increases the recovery speed. The pack- 
ing routine in Listing 6 finds the total 
length of each string with the LEN() 
function and then packs the data string 
with the string and its length. For 
machines which have the VARPTR 
function, like the TRS-80, the use of 
PEEK (VARPTR(L§(n)) provides the 


same information as the LEN() function. 
The data string will now look something 
like: 


15S.R.SMITH 1042719P.J.ROBERTSON 
512069C.0.JONES etc... 


Note that the single figure values of 
length have been padded out to two places 
by using RIGHT$ (“00’+STR$(L),3). 
As before, the total string length is 
monitored before concatenation to 
ensure that the target of 240 bytes is 
not exceeded. 

Recovering the data from this kind of 
packing is performed by a routine like 
that of Listing 7. The first two charac- 
ters of the string give the length of 
the first sub-string in the block and from 
this the starting point of the next string 
length can be found. Both the packing 
and unpacking routines are quite fast, 
even on a standard machine; adding the 
speed-up package and Southern Soft- 
ware’s ACCEL program will make them 
very fast indeed. 

It is worth noting, however, one point 
which seldom seems to be made in print, 
which is that the speed of any string 
handling routine varies according to the 
number of strings used. Each time a 
string is declared, even if it is being 
nulled, a new string space is prepared 
and the computer has to reorganise its 
variable storage area. When the reserv- 


498 P=@ 

500 INPUT#-1,TS:1F TS="" THEN 56@ 
$18 FOR J=1 TO 26 

$28 LS(P)=MID$(T$,12*N-11,12) 

538 P=P+l 

540 NEXT J 

$5@ GOTO 500 

56@ REM**REMAINING PROGRAM 


Listing 1. The eimplest ‘unpacker’ using striags of standard 
length, 


10@ 
11@6 
128 
1306 
148 
150 
168 
176 
188 


Te" 
FOR K#l TO N STEP 12 

FOR J#@ TO 11 

LS=RIGHTS (STRINGS (12,32) +L$ (K+J) , 26) 
TS*TS+L$ 

NEXT J 

PRINTO-1,TS 

TSa"* 


NEXT K 


2. A routine 
Sear ae tee nee ts lived length and pack 


1@@ FOR H=] TO LEN{(LS(N)) 

110 IF ASC(MID$(LS$(N),H,1))=32 THEN NEXT 
ELSE LPRINT TAB(18) RIGHTS (LS(N), 
LEN (LS (N))} 4) 

Listing 3. The output trom the ‘ ’ will need to be 

iets septs ane 


CLS:PRINT "PREPARE A CASSETTE OF 
SUITABLE LENGTH FOR A DATA FILE” 
PRINT "NOTE THE START POINT ON THE 
COUNTER, PRESS PLAY AND RECORD" 
PRINT “PRESS ENTER WHEN READY“ 
INPUT X:CLS:PRINT TAB(21) "PLEASE WAIT" 
PRINTO-1,1 
AS="[SPC)* 
FOR N=] TO I:AS#AS+4LS (N) +CHRS (128) 
IF LEN(AS)+LEN(LS(N4+1))<245 THEN 590 
PRINT#-1,A$:AS=" (SPC) * 
NEXT N:PRINTE-1,A$ 
CLS:PRINT “RECORDING FINISHED. PRESS 
ENTER TO RETURN TO MENU" 

Listing « Using a especial code to separate the items in each 
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ed string space is very small the delays 
caused by this memory management 
routine, or garbage collection as it is 
often called, can be very large. On a re- 
cent test a recording of 300 strings took 
nearly two hours simply because of the 
time taken by the management routine. 

The only way out of this predicament 
is to make sure that the memory areas 
used are not too full. This can be done by 
recording a set number of strings and 
then re-running the program or simply 
by CLEARing the variable areas. 
Pauses caused by the management 
routines can be easily detected; they 
don’t respond to the Break key! 


In conclusion 


If you are not yet disk-based then you 
can at least take heart, there’s still some 
life left in the old data cassette yet. 
Indeed, bulk storage is much better 
handled by tape than disk, especially 
long lists that are simply processed 
sequentially. The floppy disk also has 
rivals in devices such as the Stringy 


Floppy. 
Obviously the speed and efficiency of 


all these routines is limited by the 
operating speed of the computer and the 
storage speed of the cassette system. If 
time is critical one can always revert to 
machine code routines for the packing 
and unpacking of the data. @ 


CLS: PRINT@336,"PREPARE THE INDEX TAPE 
TO REPLAY“ 

PRINT TAB(13)"PRESS PLAY KEY. WHEN 
READY PRESS ENTER" 

INPUT X:CLS: PRINT TAB(19)} "ENTERING 
DATA, PLEASE WAIT*:X=1 
INPUT@-1,1:REM**I IS THE MAX NUMBER 
INPUT#-1,A$:FOR N#l TO 245: 
BS=MID$(A$,N,1) 

IP BS<>CHR$ (128) THEN LS(X)=LS(X)+BS: 
GOTO 699 

XeX+) 

NEXT N:IF X<I THEN GOTO 668 

CLS: PRINT TAB(26)*°DATA ENTERED” 


S. The corresponding ‘umpacker’ for the routine above. 


CLS: T$=*°:PRINT@34@8,"RECORDING, PLEASE 
WALT": PRINT TAB(20) STRINGS (22,95): 
PRINTO-1,8$,5,R,TT 

FOR X=1 TO R:Q$(X)="(2 SPC) "+QS (KX): 

OS (X) "RIGHTS (QS (X) 3) sLaLEN (LS (X}) +3: 
CS*RIGHTS (*GB"+STRS (L) ,3): 
TS=TS+CS$+L$ (X)+0$ (X):1F LEN(TS)+ 

LEN (L$ (X+1))<248 THEN NEXT 
PRINT@-1,TS:I1F X<R THEN TS="":NEXT 
CLS: PRINT@329,"RECORDING COMPLETE, 
PRESS ANY KEY TO CONTINUE" 
Listing 6. This routine gives the best overall performance tor 
general use. 


7026 
76308 


39608 CLS: PRINT@347,"REPLAY TAPE": PRINT 
TAB (27) STRINGS (11,35):PRINT: PRINT 
TAB(15) "PREPARE CASSETTE AND PRESS 
PLAY": PRINT TAB(15); : INPUT“PLEASE 
ENTER CLASS DESIGNATION"; BBS:N=1: 
z=1:¥=8 
INPUT@-1,B8$,S,R,TT:IP BBS<>BS THEN 
FS="WRONG TAPE“:GOSUB 1588:GOTO 40 
INPUTE#-1,TS 
L=VAL (MIDS (TS,2,3)):LS(N) SMIDS (TS, 3+2, 
L-3) :Q$ (N) MIDS (TS,Z¢L,3):Z=2+L+3: 
N=eN+]1:IF NC=R AND Z<LEN({(TS) THEN GOTO 
363@ ELSE IF K<R THEN TS="":Z=1: 

GOTO 3828 

Listing 7. A t tor data 

po ernie eeorem cooment recovering 


FOR | 
YOUNG | 
SCIENTISTS | 


rit\ 3 


~ascrrone) FASCINATING! 
INTRIGUING! 


EDUCATIONAL! 


That’s what they’re saying about 


“ELECTRONIC PROJECTS 
FOR YOUNG SCIENTISTS” 


One of the latest in the ETI Collection 
of practical, exciting project books. 
‘Electronic Projects for Young Scien- 
tists’ contains a collection of science- 
oriented projects and articles pub- 
lished over the years in the pages of 
ETI Magazine. This 100-page book 
contains 13 projects and six articles as 
follows: ETI-565 Helium-Neon Laser, 
ETI-572 Digital pH Meter, ETI-562 
Geiger Counter, ETI-1501 Negative lon 
Generator, ETI576 Electromyogram, 


ETI-544 Heart-rate Monitor, ETI-546 
GSR Monitor, ETI-255 Temperature 
Meter, ETI-556 Wind Meter, ETI-483 
Sound Level Meter, ETI-256 Humidity 
Meter, ETI-271 Solar Intensity Meter 
and an Earth Resistivity Meter. The 
articles are: An Introduction to Lasers, 
Experiments with Lasers, pH — the 
Acid Test, The Negative lon Generator, 
Biofeedback — Instant Yoga? and The 
Ins and Outs of Solar Cells. 


PLEASE NOTE: Anybody under the age of 120 having an active interest in things 
scientific is defined as a ‘young scientist’. 


ON SALE NOW 


at your local newsagent and selected electronic suppliers, or you can 
purchase a copy by mail order direct from ETI Book Sales, 15 
Boundary St, Rushcutters Bay, NSW 2011 for $3.95 plus 90 cents post 


and handling. 
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RPN — the 


number 


crunching 


demon! 


‘Reverse Polish Notation’ may sound like Pitjintjara if 
you're used to algebra, but it’s the logical way to process 
masses of numerical information. 


THIS IS THE FIRST of two articles des- 
cribing how the most important part ofa 
high-level language compiler works. In 
this first part the principles involved, 
the LIFO stack and Reverse Polish no- 
tation are explained and a BASIC pro- 
gram to convert arithmetic expressions 
into Reverse Polish is presented. Part 
Two examines how to compile this nota- 
tion into 6502 assembly code — i.e: how 
to generate a compiler for the Apple or 
the PET, etc. This program could easily 
be modified for use with another proces- 
sor, such as the 6800 or 6809. From 
these articles, readers without know- 
ledge of assembly language will learn 
something about how high level lan- 
guage compilers work and those with 
more advanced knowledge will find the 
techniques described useful in writing 
their own compilers. 


Why bother? 

One of the most difficult tasks confront- 
ing the budding software expert is the 
translation of what appear to be simple 
arithmetic expressions into assembly 
language. After all, we have high-level 
languages such as BASIC that swallow 
A + B*C and spit out the answer in one 
statement. 

The reason is two-fold. First, the im- 
plementation of high-level languages is 
still poor on most micros. Second, there 
are still few such languages available 
on micros. Both these reasons should 
encourage an interest in the production 
of new compilers. It should also be 
pointed out (perhaps ‘admitted’ is bet- 
ter) that writing a compiler is one of the 
most difficult projects that can be 


undertaken. So if you are bored with 
writing games of the ‘ZAP the enemy’ 
type, try a compiler — for an existing 
language or, even more of a challenge, 
for one of your own inventions. 

The trouble with expressions like A + 
B*C is that more than one operation, in 
this case two (one addition and one 
multiplication), have to be carried out 
before the result is obtained. In general 
computers can only do one thing at a 
time, so any complex expression would 
have to be split down as in the following 
example: 


“Add A to B” 
“Multiply the result by C” 


Even this description is incomplete (in 
fact it is also wrong if applied to the 
expression A + B*C, but more of this 
later), for the computer has to put the 
result of adding A to B somewhere, i.e: 
in a temporary location, before multi- 
plying by C. 

These temporary locations have to be 
created automatically as required by 
the translation program and it is some- 
thing of a problem to keep their number 
small. It is possible to avoid using 
temporary storage locations as such by 
the use of a ‘stack’. This also brings 
other advantages in that the translation 
program is simpler. 


ALIFO stack 


A ‘Last In, First Out’ (LIFO) stack is 
very easy to understand. A good model 
is a shunting yard. If we consider a rail- 
way line as in Figure 1 with three 
wagons, A, B and C, then if we shunt A, 
B and C into the siding in that order 
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Mike James 


(Figure 2) then the first wagon out will 
be C, the last in. Next out will be B and 
then A. 


OOO 


MAINLINE 


SIDING 


Figure 1. The shunting yard before the trucks are 
‘pushed’ into the stack .. . 


Oc 
Os 
Oh 


Figure 2. ... and the result after they have been 
‘pushed’. 


In computer terms, a stack is an area 
of memory and two instructions, PUSH 
(usually abbreviated to PSH) and PULL 
(usually abbreviated to PUL), are used 
to place an item. To use our railway 
sidings model/analogy once again, if a 
wagon is outside the siding a PSH is 
required to put it inside; if a wagon is in 
the siding a PUL removes it. 

Thus our shunting sequence would 
correspond to: Pp 
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PSH A into siding 

PSH B into siding 

PSH C into siding 

PUL removes C 

PUL removes B 

PUL removes A 
A stack can be implemented in BASIC 
as a string of characters, e.g: Z$. Push- 
ing an item or character on to the stack 
is: 

Z$ = ‘character’ + Z$ 
where ‘+’ in this case means concatena- 
tion — simply joining the two strings to 
form a longer string. 

Pulling an item from the stack is: 

‘character’ = LEFT$(Z$,1) 

Z$ = RIGHT$(Z$,LEN(Z$)— 1) 
where LEFT$(Z$,n) gives the n left hand 
characters of the string, LEN(Z$) gives 
the length of the string and RIGHTS 
(Z$,n) give the right n characters of the 
string. 

At this point it might be helpful to 
write a program, namely to reverse the 
order of a string of letters. The answer is 
given at the end of the article but try it 
for yourself before looking at it in detail. 


Order, precedence and 
Reverse Polish! 


To return to the reason why A + B*C is 
not ‘add A to B then multiply by C’, it is 
worth realising that you get a different 
answer from ‘multiply B by C and then 
add A’ which is in fact the correct in- 
terpretation, e.g: 2 + 3*4 = 2 + (3*4). 
That is to say, the order in which the 
calculation is carried out is important. 
How we define the order of evaluation of 
an arithmetic expression is to some ex- 
tent arbitrary, but it is usual to carry 
out all multiplications and divisions 
first and then any additions and sub- 
tractions. To express this in another 
way, we assign a precedence to each 
operator. For example, if we assign a 
precedence of 1 to + and — and a prece- 
dence of 2 to * and / and agree that 
operators of higher precedence are car- 
ried out first, then we are adopting the 
conventional rule. The usual preced- 
ences are given in Table 1. 


| enue cites | 

1+ . 1, 

4 ' ‘ 

| oe ’ 1 ' 

) ‘ 

* : 2 

' ’ ' 

; / ’ 2 ‘ 

1+ 4 3. UNARY+ 

‘ ‘ 

ue : 3.» UNARY — 

Trew eww J 
Table 1. Precedence values for arithmetic 
operations. 
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So we now know that A + B*C means, 
by convention, B times C plus A. But 
how do we write A plus B all times C? 
The answer is of course to use brackets 
‘()’. We can alter the order of operator by 
simply asking that any sub-expressions 
in brackets are evaluated first. Thus A 
plus B all times C would have to be 
written (A + B)*C. 

Now we have a way of specifying the 
order of evaluation we meet the main 
problem in the computer evaluation of 
arithmetic expressions. If the order of 
evaluation were strictly from left to 
right then a computer program could 
simply read the expression and, apart 
from problems of temporary storage, 
could carry out each operation on the 
pair of variables to either side (as in our 
first example). However, as we have just 
discovered, the order of evaluation is not 
from left to right and if we ignore this 
fact we obtain the wrong answer. 

Life would be a lot easier if we could 
find some way of writing arithmetic ex- 
pressions so that the order of evaluation 
was always from left to right. This 
would mean that as we scanned the ex- 
pression each operation could be carried 
out as soon as it was encountered and 
brackets would be unnecessary. Such a 
notation exists and is called ‘Reverse 
Polish’ — so called because of the unpro- 
nounceability by English speakers of 
the name of its inventor, Lukasiewicz, a 
Polish logician. 

An expression in Reverse Polish (RP) 
is evaluated by scanning from left to 
right until an operator is met. When 
this happens the operator is applied to 
the two variables immediately to its left. 
The result is considered to be left in the 
expression, replacing all the variables 
and symbols involved. An example will 
make this clear. 


Consider: 

AB*C+ 
If we follow our rule, the first operator 
we encounter is *’ and the two variables 
to its left are A and B, so we form A*B 
and put the result, T say, in place of AB* 
to give: 

TC+ 


To continue, the next operator is ‘+’ and 
we form T+C. So, to put the original 
expression into conventional notation 
we have: 
(A*B)+C 
As an exercise try evaluating: 
3,4*6+3/ 
The answer is given at the end of the 
article. 
We could insist that everyone learns 
RP, which is what some calculator manu- 


facturers have done, or we could convert 
standard arithmetic expressions into 
RP. Using the concept of a stack this is 
easy. 


The shunting yard 
algorithm 


Obviously if we are going to read an RP 
expression from left to right but jump 
all over the place in an equivalent 
‘standard’ expression then we are going 
to have to change the order of the 
operators when converting to RP. From 
the earlier example involving reversing 
a sequence of letters, it can be seen that 
a stack is useful in changing the order of 
a set of symbols. It is this ability which 
lies at the heart of the shunting yard 
algorithm. The algorithm uses a stack 
to change the order of the operator so 
that all high precedence operators and 
brackets are evaluated first. It works 
like this: 


e Ifyou encounter a variable name pass 
it to the output. 

© If you encounter an operator stack it 
(i.e: push it on to the stack) unless 
there is an operator already on the 
stack with a higher precedence. 

e If this is the case then the operator 
already on the stack should be carried 
out first so unstack it and pass it to 
the output. 

® Repeat until you can stack the 
operator and then move on to the next 
item in the expression. 


Brackets can be dealt with by starting a 
new stack when the opening bracket is 
encountered and by finishing evalua- 
tion when the closing bracket is 
encountered. Usually we do not start a 
new stack but simply place a marker on 
the old stack to indicate where the 
bracket was encountered (this might as 
well be the opening bracket itself). The 
full shunting yard algorithm can be 
seen in Figure 3. 

Listing 1 shows a BASIC program 
that will convert any valid arithmetic 
expression into RP, with examples of its 
output given after it. The only complica- 
tion with the BASIC program lies in the 
use of the unary + and — signs. The 
minus in A—B has a different meaning 
from the one in — A, similarly the plus in 
A+B does not mean the same as the one 
in +A. The program detects these unary 
symbols by checking if an operator or a 
variable was the last thing to be pro- 
cessed. If it was an operator or nothing 
then a + is converted into a? and a — 
into a ! to show that they are unary. In 
calculations an RP expression or a bi- 
nary operator is treated in the usual 
way except that it acts only on the first 


variable to its left. The only other com- 
ments on the program are: 


e@ WI) is used to hold the precedence of 
the operators. 


e Z$ is the stack and Z(I) contains the 
precedence of the items on the stack. 


e MID$ A(§$,I,J) returns the J charac- 
ters in the string starting at the Ith. 


The parts of the program can be followed 
from the line numbers on Figure 3. 


Summary 


This article has introduced the reader to 
the LIFO stack and to Reverse Polish 
notation. A subroutine to convert an 
arithmetic expression to RP has been 
presented. Next time, again making 
use of the stack concept, we will show 
you how to compile an RP expression 
into 6502 assembly language (or into 
code for the 6800 or 6809 with certain 
modifications). 
3,4*6+3/ is 6. 
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16 INPUT A$ 

28 IF AS="" THEN GOTO 58 

36 ZS=A$+Z$:REM**PUSH INPUT 
ONTO STACK 

46 GOTO 19 

50 IF Z$="" THEN STOP 

60 AS=LEFTS (Z$,LEN(2$)-1) 

78 ZS$=RIGHTS (Z$,LEN(Z$)~-1) 

80 PRINT A$ 

98 GOTO 56 


Oh, the . answer to  tThisis the program to demonstrate the action of a 
@  LiFO stack. : 


5030 BS=MIDS (A$,1I,1) 
5046 IF BS="(SPC]" THEN I=I+1:GOTO 5620 
5058 K=6 
5@60 FOR J=1 TO 6 
5076 IF BS=MIDS$(U$,J,1) THEN K=J 
5080 NEXT J 
5098 IF K=6 THEN 5330 
5100 IF K=@ THEN 5230 
5118 S=W(K) 
5128 IF S=@ THEN 5200 
5136 IF S=1l THEN 5380 
5148 O=1 
5150 IF X=1 THEN 5200 
5168 IF Z(X-1)<S THEN 5288 
51786 CS$=CS+LEFTS (Z$,1) 
518@ X=X-1:Z$=RIGHTS (Z$,LEN(Z$)-1) 
5196 GOTO 5158 
5266 2Z(X)=S 
5218 2$=B$+Z$:X=X+l:I=1+1 
5226 GOTO 58290 
5230 O=-8 
5240 IF BS<"A" THEN 5288 
5250 IF B$>"Z" THEN 5280 
5266 CS$=C$+BS 
5276 I=I+1l 
5280 IF BS>"9" THEN 5820 
5290 IF BS<"@" THEN 50208 
530@ CS$=CS+B$ 
5316 I=I+l 
5326 GOTO 5820 
5338 IF LEN(Z$)=0 THEN I=I+1:GOTO 5820 
534@ BS=LEFTS(Z$,1):ZS$=RIGHTS (Z$,LEN(Z$)-1): 
HAS ITEM X=X~1 
HIGHER 5350 IF B$="(" THEN I=I+1:GOTO 5828 
THAN Tor 5368 CS$=C$+B$:GOTO 5336 
? 5376 IF O=@ THEN 5140 
see Dee 5388 S=6 
5398 IF BS="-" THEN BS="!" 
8170-8190 5400 IF BS="+" THEN BS="?" 
5416 GOTO 5140 
Figure 3. The tlowchart for the Re- 5428 CS$=C$+Z$ 
verse Polish translation program. 5430 RETURN 
5 s RUN 
Program Listing 7 Me 
A+B AB+ 
? A+B*C 
16° DIM Z(25) ,W(5) A+B*C ABC*+ 
20 US="-+*/()" ? A*B+4C 
30 W(1)=1:W(2)=1:W(3)=2:W(4)=2: A*B+C AB*C+ 
W(5)=0 ? A*(B+tC) 
46 INPUT A$ A* (B+C) ABC+* 
598 I=1 ? -A+B 
60 GOSUB 5800 -A+B A!Bt+ 
70 PRINT A$,C$ ? -(A+B) *C+(D*E) 
88 GOTO 48 - (A+B) *C+ (D*E) ABt+!C*®DE*+ 
4999 REM**REVERSE POLISH ROUTINE ? - (A+B) *(C-D) 
5080 ZS="":CS=""X=1:0=1 - (A+B) * (C-D) AB+!CD-* 
5818 FOR J=1 TO 25:2(J)=®:NEXT J A typical output from the above program. The entered algebraic 
5620 IF LEN(AS)<I THEN 5428 expressions are converted to RPN. 
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HOBBYIST’S 
MANUAL 


Project Book 


50 PROJECTS TO BUILD! 


Yep — radio projects, audio projects, games, test gear, 
measuring instruments and miscellaneous devices. 
Everything from a radio microphone to a hi-fi amplifier, from an alien 


invaders game to a frequency meter, from a humidity meter to a 
negative ion generator. 


Plus — all about capacitors and how to read capacitor codes, diodes 
and how they’re used, transistors and transformers, how to read 
circuit diagrams and understanding components numbering. You can 
learn all about soldering and how to make printed circuit boards. 
You never saw an electronics book like this before! 

An ETI publication. 
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RPN — the 


Most micros can just about manage addition and subtrac- 


tion — try anything else and you're in real trouble! Mike 
James shows you the way out. 


MICROS ARE awful at arithmetic! 
They can just about manage addition 
and subtraction, but division and multi- 
plication are usually beyond them. It’s 
obvious that if we are going to evaluate 
arithmetic expressions, something has 
to be done about this situation. The 
usual solution is to write machine code 
subroutines to carry out each of the four 
simple operations of arithmetic. This 
set of routines is often referred to as a 
‘maths package’, and there may be one 
available for your microprocessor 
already. If there is, then the best thing 
to do is to buy it! Otherwise you’ve got a 
lot of work to do in writing one. 

Maths packages usually come in two 
sorts: 

1. Floating Point 

2. Integer 

Floating point packages carry out 
arithmetic on so-called ‘real numbers’. 
A real number is anything like 3.256, 
i.e: it can have a fractional part. An 
integer, however, cannot have a frac- 
tional part. For example 3, 10, —1, 0 are 
all integers but 3.5, .2, — 0.02, 4.0 are all 
real numbers. Notice that the last 
example of a real number, 4.0, could be 
considered to be an integer, i.e: 4. The 
point is that you can represent an 
integer as a floating point number 
simply by writing .000 after it, but you 
cannot represent a floating point 
number as an integer. 

For the rest of this article we will 
assume that all the arithmetic is done 
by a 16-bit integer package. The reason 
for this will become clear as we go on. 
Briefly, the principles are the same for 
floating point as for integer and a 16-bit 
package is easy to write for most micros. 
With a 16-bit integer the maximum 
number that we can handle is 32767 and 
the minimum is —32678, so things are 
still usefully large. 


Compilers and subroutines 

The purpose of a compiler is to take 
high-level language statements and 
translate them into machine code. 
There are a number of ways in which 
this can be done. For example, if we are 
interested in compiling the statement: 


A=B°3 


we could use subroutines from the 
maths package we discussed above and 
simply generate a subroutine call to 
multiply B by 3. Some people would say 
that this is not a true compilation! A 
true compiler shouldn’t avoid the 
problem of how to do multiplication but 
should generate the necessary code 
rather than jumping to a subroutine. 
Personally I think this argument is silly 
when applied to a microprocessor. It 
takes a lot of instructions to do multipli- 
cation and to generate them each time is 
wasteful. From now on the sort of com- 
piler that we will be considering will try 
to compile high-level language into a 
sequence of subroutine calls. This is 
sometimes referred to as a ‘threaded 
code’ compiler. 

If we are going to be generating a 
sequence of subroutine calls there is 
another simplification we can make to 
our compiler. Instead of translating to 
machine code we can make use of as- 
sembly language. If our compiler pro- 
duces assembly language we can leave a 
lot of boring jobs to the standard assem- 
bler which is available for every micro. 
The sort of jobs I’m thinking of are 
converting decimal constants to binary 
and looking after the absolute addresses 
of everything. This may seem a messy 
way to write a compiler because you 
need another program, i.e: the assem- 
bler, before you get the final code. The 
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procedure is to run the compiler which 
outputs assembly language and then 
use this as the input to an assembler. 
This approach has a few advantages, 
though; the assembly language output 
can be altered and added to, using a text 
editor, and the incorporation of other 
programs, such as the very necessary 
maths package, can be done by simply 
appending the two text files. The criti- 
cism that this method is slow is true, but 
it should be remembered that most 
compilers have to read through the text 
of the program a number of times, and by 
using an assembler we can make do 
with one, or at most two, passes. 


Evaluating Reverse Polish 
Generating machine code or assembly 
language for an arithmetic expression 
is a matter of following the rules that we 
gave in the first of these articles. 


‘Scan the expression from left to right 
until you meet an operator. When this 
happens the operator is applied to the 
two variables to the left. The result is 
left in the expression, replacing all 
the variables and symbols used to pro- 
duce it.’ 
Only, instead of carrying out the arith- 
metic when we find an operator, we 
produce instructions that will carry out 
the arithmetic. For example, consider 
AB*C+. The first thing we hit is A, then 
B — neither of which we are interested 
in at the moment. Then we hit *, which 
means do a multiplication on the last 
two variables we passed over, i.e: A and 
B. So our compiler must output “JSR 
MULTIPLY”. We suppose that the sub- 
routine MULTIPLY can find the last 
two variables automatically and output 
its result in such a way that it becomes 
the last variable passed over. At this 
point I hope the words LIFO stack are » 
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flashing somewhere in the back of your 
mind! If we stack each variable as we 
meet it the last two variables are easy to 
find. They are simply the last two items! 
So if all our arithmetic subroutines 
work on the top two items on the stack 
and place their results back on the 
stack, everything looks after itself. 

Using a stack and a set of stack- 
orientated arithmetic subroutines the 
evaluation of AB*C+ generates the fol- 
lowing code: 


STACK A 

STACK 8 

JSR MULTIPLY 

(This multiplies A and 8 and puts result 
back on the stack) 

STACK C 

JSR ADD 

(This adds C to the result of A*B) 


Of course, the result is left on the stack 
but can easily be printed out using 
another subroutine, ‘PRINT’, which 
prints and removes the top item on the 
stack. The instructions STACK A, etc, 
have to be written in whatever assem- 
bly language you're using, i.e: 6502, 
Z80, etc. 

There are other ways of evaluating an 
arithmetic expression. Some result in 
faster code and a lower memory use — 
using a stack results in some un- 
necessary pushing and pulling and 
extra copies of data. However, the stack 
method has the advantage of being 
simple to implement, easy to understand 
and, in a lot of cases, not too bad in terms 
of speed and memory use. Some com- 
puter manufacturers have taken this 
liking of the stack method to its logical 
conclusion by building computers with 
no other memory than a stack (or some- 
times two). 


The code generator 

If we look at the program for generating 
6502 code, it looks very complicated, but 
the first half from 5000 to 5420 is simply 
a version of the Reverse Polish conver- 
ter described in the last article. The 
only real addition to the original pro- 
gram is the insertion of a blank in front 
of every constant, i.e: string of digits. 
This is done by keeping a count of the 
number of digits since the last non-digit 
character (lines 5245-5250 and 5066). 
The really new section is the subroutine 
in lines 5500 to 5685. This is the code 
generator subroutine. The program 
begins by asking for an arithmetic ex- 
pression to work on, in line 2. It then 
calls subroutine 5000 which, using the 
algorithm discussed in the last article, 
converts the string in A$ into Reverse 
Polish in C§. For interest (and to check 
that the program is working!) A$ and 
C$ are printed at line 4. A call on 
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subroutine 5500 generates the 6502 
assembly language for the expression. 
Each instruction is printed as it is 
generated. A ‘real’ version of this pro- 
gram would save the instructions on 
disk or tape for later use by an assem- 
bler, but that’s something for you to do. 
If the character is a letter, it is assumed 
to be a variable. (Notice that we can 
only handle single letter names.) The 
names of all the variables are changed 
to VAR followed by one letter. This is so 
that other assembly language routines 
know which names to avoid using. So, 
lines 5540-5560 generate code to push 
the variable onto the stack. In the case 
of the 6502 this has to be done in two 
attempts because each variable is 16 
bits and the 6502 can only move eight 
bits at a time. For example, if the vari- 
able X is found in an expression, 


LDA VARX 
PHA 

LDA VARX+1 
PHA 


is generated. For this to work, it is 
necessary for some other part of the code 
generator program to produce 


VARX FDB 0 


to reserve space for the variable. To do 
this you can either keep a list of all the 
variables used, or have FDB statements 
for variables A-Z (all 26 of them). As 
this latter option uses only 52 bytes, it is 
obviously the one to use for now. 

If the character is a digit, then a 
constant must be stacked. First we must 
somehow create the constant. As we are 
using an assembler, this is easy. Sup- 
pose the constant 415 was in the ex- 
pression, all we have to do is generate 
something like: 


C2 FOB 415 


The assembler would take care of the 
conversion to binary later! The only 
trouble is that we have to keep count of 
how many constants we are using and 
give them all different names, i.e: Cl, 
C2, ...Cn. This is what goes on in line 
5572. The constant itself is created in 
lines 5574 to 5619. In this case it’s not 
good enough to print out the code at once 
because data storage areas are norm- 
ally separate from the program. The 
solution is to use an array, C$, and store 
the FDB instruction for constant N in 
C$(N) and print out C$ at the end of the 
code generation. This is what sub- 
routine 5700 does. After creating the 
constant all that’s left is to stack it and 
this is done exactly as for variables, in 
line 5573, only the name used is C1, C2, 
... etc, 

Finally, if the item isn’t a letter or a 


digit it must be an operator. Lines 5625 
or 5680 check which operator and gen- 
erate the correct subroutine jump. 


The run time package 

The assembly language produced by the 
code generator has to be added to the 
maths package and the data area de- 
claring the variables (ie: 26 FDB 
instructions). In a complete compiler 
the code that has to be added to that 
generated by the compiler is often called 
the run time package. Although our run 
time package is small, real packages 
can be very large — about 12K to 16K — 
and if you want to go on to produce a 
compiler in BASIC then be prepared to 
spend as much time on the run time 
package. 


Conclusion 
If you’ve followed so far you should be 
capable of going on to write an entire 
compiler in BASIC. The machine you 
write it for is up to you — all you need to 
do is change the run time package and 
the way subroutines are called and 
items stacked. (For example, on the 
6809 the stacking can be done by LDX 
OARA; PHSS X, and for the Z80 sub- 
routine calls are done by CALL ADD.) 
Even the language you write it for is up 
to you, but there is a very surprising 
advantage in writing a BASIC compiler 
in BASIC. Once you’ve finished your 
compiler you can (if you’ve finished it 
well enough) run the BASIC program 
that is the compiler through the com- 
piler! The result is a machine code 
BASIC compiler that runs fast! Another 
advantage in sticking to BASIC is that 
one of the most difficult parts of writing 
a compiler is finding and dealing with 
errors in programs that you are trying 
to compile. For example, our code 
generator would pass things like A(+C 
without any sign that anything was 
wrong. It would even generate code for 
it! If we stick to BASIC then we can 
forget about trying to track down errors 
and suppose that all the programs that 
are to be compiled are error-free. The 
way this can be achieved is to run and 
debug all of them using the BASIC in- 
terpreter that the compiler is run under. 
As you make progress with your 
BASIC compiler the LIFO stack will 
crop up time and time again. After a 
while you'll wonder how you ever man- 
aged without it. When you come to 
implement FOR...NEXT loops, for 
example, each FOR instruction can 
stack the index variable and the value 
that it must reach to terminate the loop, 
and each NEXT instruction simply in- 
crements the value on the top of the 
stack and compares it to the limit. This 
method of implementation takes into 


account the normal ‘nesting’ rules for 
FOR loops automatically. 

The evaluation of arithmetic ex- 
pressions also proves to be of general 
use. The simple arithmetic operators 
can be extended to include logical 
operators, such as AND and OR, operat- 
ing on Boolean variables. (A Boolean 
variable is often implemented as an 
integer that has two special values, e.g: 
0 and —1, usually referred to as ‘true’ 
and ‘false’.) Your only problem in using 
the Reverse Polish stack method is in 
deciding the priorities to be assigned to 
the operators. In IF statements, the re- 
lational tests (=, <,>, «>, etc.) can also 
be treated as binary operators and 


true or false. 


After all this it may come as no 
surprise to discover that it is possible, 
although not practical, to convert, in its 
any BASIC program to 
Reverse Polish and evaluate it using the 
in these two 


entirety, 


techniques described 
articles. 


ii I: 
F(T) = p(x)dx = 
Oo Oo 
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similarly evaluated. Their action is to 
compare the top two items on the stack 
and place a Boolean variable on the top, 
indicating whether the relationship is 


I=1+1 
GOTO 508486 
IF LEN(Z$)=@ THEN I=I+1:GOTO 5040 
BS=LEFTS (Z$,1) :Z$=RIGHTS (Z$,LEN(Z$)-1): 
X=X-1 

IF BS="(" THEN I=I+1:GOTO 5048 
CS$=C$+B$:GOTO 538¢@ 

IF O=@ THEN 51706 

S=6 

IF BS="-" THEN BS="1" 

IF BS="+" THEN BS="?" 

GOTO 51780 

C$=C$+Z$ 

RETURN 

J=1 

IF J>LEN(C$) THEN RETURN 

BS=MID$ (C$,J,1) 

PRINT 

IF BS<"A" THEN 5606 

IF BS>"Z" THEN 5606 

PRINT “" LDA VAR";BS$ 

PRINT " PHA" 

PRINT " LDA VAR";BS$; "+1" 

PRINT " PHA" 

J=J+1:GOTO 5560 

IF BS<"6" THEN 5738 

IF BS>"9" THEN 57390 

N=N+1 

PRINT " LDA C";N:PRINT "PHA "“: 
PRINT © LDA C";N;"4+1":PRINT " PHA" 
CS(N)="C"+STRS (N)+" FDB ” 

IF BS<"6" THEN 57308 

IF BS>"9" THEN 5730 

C$ (N) =C$ (N) +BS$ 

J=J+1:IF J>LEN(C$) THEN RETURN 
BS=MID$(C$,J,1) 


IF BS$>"9" THEN 5520 

IF BS<"@" THEN 5520 

GOTO 56708 

PRINT 

IF B$="+" THEN PRINT " JSR ADD" 
IF BS="-" THEN PRINT " JSR SUB" 
IF B$="*" THEN PRINT " JSR MUL” 
IF BS="/" THEN PRINT “ JSR DIV" 
IF BS="!" THEN PRINT " JSR NEG" 


PRINT: J=J+1:GOTO 5560 
FOR I=1 TO N 

PRINT C$ (I) 

NEXT I 

RETURN 


This is the Reverse Polish generator with the extra routines necessary to 


es Fa 5360 
Program Listing ait 
53890 
5398 
5406 
1 DIM 2(25),W(5),C$ (10) 54198 
2 INPUT A$:I=1 5420 
3 GOSUB 5896 5430 
4 PRINT A$,CS$ 5440 
5 GOSUB 5500 5450 
6 GOSUB 5988 5466 
7 END 54798 
5486 
5496 
5690 US="-+*/()" 550¢@ 
5019 zS$="":CS="":X=1:0=1 5516 
5626 W(1)=1:W(2)=1:W(3)=2:W(4)=2: 5526 
wW(5)=6 5536 
5630 FOR J=1 TO 25:2(J)=6:NEXT J 55468 
5040 IF LEN(A$)<I THEN 54786 5558 
5058 BS=MID$(AS$,I,1) 5560 
5066 IF BS="(SPC]" THEN I=I+1:GOTO 5850 5578 
5870 K=0 5580 
5080 FOR J=1 TO 6 55998 
5098 IF BS=MID$(U$,J,1) THEN K=J 5600 
5166 NEXT J 56190 
5118 IF K=@ THEN 5268 5626 
5126 D=6 5638 
513@ IF K=6 THEN 5380 
5146 S=W(K) 5646 
515@ IF S=@ THEN 5238 5658 
5160 IF S=l THEN 5420 5666 
5178 O=1 56708 
5180 IF X=l THEN 5236 5689 
519@ IF 2(X-1)<S THEN 52386 5696 
5206 CS$=CS$+LEFTS (Z$,1) 5708 
5218 X=X-1:Z$=RIGHTS (Z$,LEN(Z$)-1) 5718 
5226 GOTO 51890 57208 
5230 2(X)=S 5730 
5248 Z2$=B$+Z$:X=X+1:1=I+1 5740 
5258 GOTO 5648 5750 
5260 O=06 5768 
5276 IF BS<"A" THEN 53106 5776 
5288 IF BS>"Z" THEN 5318 5780 
5298 CS$=CS$+B$ 5790 
5306 I=I+l 5900 
5310 IF BS>"9" THEN 5049 5916 
5320 IF BS<"6" THEN 5048 5920 
5330 D=D+1 5936 
5340 IF D=l THEN BS="[(SPC] "+B$ 
5358 C$=C$+B$ 


write 6502 code. 
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Get there faster — 
with speedy BASIC 


Grow your fingernails again — stop waiting for that 
program to run — avoid the rigours of machine code. 
Here are some useful hints on how to make things go 


faster, BASICally, that is! 


THE FLEXIBILITY of BASIC as a 
programming language allows the 
programmer considerable freedom in 
choosing the exact manner in which a 
particular task will be tackled. There 
will often be a number of different 
approaches available for the writing of 
even a simple routine, all of which 
achieve the same end result but via 
different sequences of instructions. The 
readability of the program, the amount 
of memory used, the accuracy of the 
result, the ease of use of the program, its 
ability to deal with ‘rogue’ data and its 
speed of execution will all vary accord- 
ing to which approach has been adopted. 


Programmer's criteria 


Generally the most important criteria 
of good programming are ease of use, 
accuracy of result, ability to deal with 
rogue data and user errors, and read- 
ability. By readability we mean the 
degree to which the program listing can 
be understood by someone other than its 
author. This factor is important even 
in home computing where a program 
listing may be intended only for the eyes 
of its writer. Most programmers will 
have experienced the frustration of 
trying to decode one of their own pro- 
grams several months or even weeks 
after it was written. 

In graphics programs where ani- 
mation is involved, such as in games 
and simulations, the situation is rather 
different, and in order to achieve an 
effective display it is often necessary to 
program for speed at the expense of 
other considerations, readability in 
particular. Games such as ‘Breakout’, 
‘Space Invaders’, Pinball, etc, which 
rely heavily on animated graphics, are 
ideally programmed at least partially 
in machine code to give the necessary 
speed. Many home programmers are 
happier working with BASIC and good 
results can often be achieved if care is 
taken in writing those parts of the 
program where speed is most critical. 
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Real time control is another area where 
the execution time of a routine can be of 
paramount importance. 


Time-saving techniques 


This article describes a number of 
techniques which may be applied to 
BASIC programs to minimise process- 
ing time. Their use is by no means 
restricted to games and control 
applications, but it should be borne in 
mind that the speed is often won at the 
expense of readability. 

A graphics animation routine typical- 
ly employs one or more loops to achieve 
the illusion of movement of a graphic 
character on the VDU screen. The 
symbol is repeatedly written on to the 
screen, erased and rewritten into an 
adjacent location. If this can be done 
quickly enough there is a reasonably 
good illusion of movement. If the 
program loop is too slow the sequence of 
events will be seen for what it really is, 
namely a symbol constantly appearing 
and then disappearing to reappear 
slightly shifted, and the illusion is 
lost. It is the way in which the program 
instructions within these loops are 
written that will determine the success 
or failure of the animation. The loops 
will contain the rules which apply to 
the movement and will also test for 
collisions, etc, and modify the move- 
ment accordingly. In all the following 
programming examples, FOR... NEXT 
loops are used to compare the execution 
times of pairs of routines which achieve 
the same results by different means. 


Number one 


The first technique is a fairly obvious 
one which is often neglected by 
beginners. This is not purely a speed-up 
technique but should be applied to all 
programming. The rule is simply to 
avoid placing in a loop any instruction 
which only needs to be carried out once. 
Consider the following routine: 


Malcolm Banthorpe 


a) 10 FOR Y = 1 TO 32 
20 FOR X = 1 TO 64 
30 Q = SQR(XT2 + YT2) 
40 NEXT X 
50 NEXT Y 


(execution time 298 S) 


In this rather slow routine (the SQR and 

t functions tend to slow down any 
routine, as will be shown later), Yf2 is 
evaluated 2048 times in line 30 when it 
only need be evaluated 32 times if 
placed outside the inner loop, since the 
value of Y only changes 32 times during 
the execution of the routine. 


b) 10 FOR Y = 1 TO 32 
15Y2 = YT2 
20 FOR X = 1 TO 64 
30 Q = SQR(Y2 + XT 2) 
40 NEXT X 
50 NEXT Y 

(execution time 202 S) 


The addition of line 15 and the modifi- 
cation to line 30 has reduced the 
execution time by nearly one third. The 
value of X12 must still be calculated 
2048 times because the value of X 
changes 64 times for each of the 32 
times that Y changes. 


Timed twice 


Where a constant is to be used several 
times, such as in a loop, set a variable to 
be equal to the constant before the loop, 
and thereafter use the variable. 


c) 10 FOR X = 1 TO 3000 


20P=P+1 
30 NEXT X 
(execution time 12.4 S) 
d) 5A=1 
10 FOR X = 1 TO 3000 
20P=P+A 
30 NEXT X 


(execution time 11.3 S) 


Simply by setting A to be equal to 1 in 
line 5 and modifying line 20, a sig- 
nificant reduction in the execution time 
has been made. The BASIC interpreter 
takes less time to look up the value of A 
in its variable table than it does to 
convert one or any other number from 
the floating point decimal form to the 
binary form which it uses internally. So 
in this case the conversion is only re- 
quired once in line 5 instead of 3000 
times as in example (c). The technique 
can give significant speed gains, 
especially where several such constants 
are involved in a loop. 


Technique three 


In NEXT statements it is generally 
permissible to omit the index variable. 
This does tend to degrade program 
readability somewhat but can be useful 
where speed is critical. 


e) 10 FOR X = 1 TO 5000 
20 NEXT X 
(execution time 6.6 S) 


f) 10 FOR X = 1 TO 5000 
20 NEXT 
(execution time 5.5 S) 


The omission of the index variable, X, 
from line 20 gives a speed gain of nearly 
20%. NEXT is faster than NEXT X be- 
cause in the former case the computer 
does not check that X was variable 
specified in the last FOR . . . TO state- 
ment. This information is already 
stored on the stack and even where 
several FOR...NEXT loops are 
nested, the computer will execute them 
in the correct sequence without the 
variable being specified in each NEXT 
statement. A few dialects of BASIC will 
not accept this form of statement and 
will indicate a syntax error. Check that 
it is compatible with your computer by 
running example (f). 


More on FOR 


Addition and subtraction are performed 
more quickly than multiplication and 
division and these in turn are performed 
faster than functions such as {, SQR, 
SIN, LOG, etc. Often alternative 
functions can be implemented to 
achieve the same result but with a 
saving of time. 


g) 10B = 2 
20 FOR A = 1 TO 3000 
30C = A*B 
40 NEXT 

(execution time 12.6 S) 


h) 20 FORA = 1 TO = 3000 
30C=A+A 
40 NEXT 
(execution time 9.7 S) 


Both routines are involved with the 
doubling of the value of A but (h) is 
faster because it uses addition instead of 
multiplication to achieve this end. If B 
is set to 3 in line 10 of (g) and line 30 of 
(h) is changed to C = A+A+A, then the 
run time becomes 12.6 seconds in each 
case, showing that the extra addition 
operation cancels the previous ad- 
vantage and that the technique is only 
beneficial where doubling is involved. 


The fifth amendment 


As mentioned previously, BASIC is 
particularly slow in evaluating powers 
of numbers when the f function is 
used. Where the power in question is an 
integer, it is often advantageous to use 
multiplication instead. 


i) 10 FOR X = 1 TO 1000 
20A = XT2 
30 NEXT 
(execution time 52.9 S) 


j) 10 FOR X = 1 TO 1000 
20 A = X*X 
30 NEXT 
(execution time 4.5 S) 


The time difference here is very 
large and would make an obvious im- 
provement to the speed of an animation. 
The squaring of numbers is of use in 
such a program for the calculation of 
distances using Pythagoras’ Theorem 
(C = SQR(A*A + B*B)). Even higher 
powers can profitably be calculated by 
multiplication. If line 20 in the above 
examples is changed as follows, 


i) 20A = Xt5 
j) 20A = X*X*X*X*X 


then the execution times are 52.0 and 
10.78 respectively, showing that 
multiplication still has the clear 
advantage despite the extra arithmetic 
operations. 

The SQR function, which is also slow, 
is unfortunately not so easy to deal with. 
There is no straightforward alternative 
to the SQR function. Where it has to be 
used and is seriously affecting the 
success of a program, the one possible 
solution may be to use a look-up table 
for the values of the square roots. Those 
required can be evaluated at the start of 
the program and stored in an array: 


k) 10 DIM S$ (200) 
20 FOR X = 1 TO 200 
30 S (X) = SQR(X) 
40 NEXT 


This routine, although slow, can be run 
once and for all at the start of the 
program. Subsequently, the value of a 
square root of an integer in the range 1 
to 200 can be looked up directly in the 
array in the time-critical part of the 
program, e.g: 


1) 50 FOR X = 1 TO 200 
60 A = S(X) 
70 NEXT 
(execution time 1.0 S) 


Compare this with the execution time of 
10.5 seconds when line 60 is changed to 
A = SQR(X). 

This technique is useful where a 
limited range of roots is required, but is 
extravagant in its use of memory be- 
cause of the array space required. It 
may be possible to reduce this require- 
ment by the use of an integer array 
instead of a real array, if available on 
your computer. 

If this technique were to be applied to 
program example (a) then it could most 
simply be implemented by using a two- 
dimensional array. The routine to set up 
the table of roots would be of the form: 


m) 1 DIM S (64,32) 
2 FOR X = 1 TO 64 
3X2 = X*X 
4FORY = 1 TO 32 
5 SY) = SQR( X2 + Y*Y) 
6 NEXT 
7 NEXT 


Program (a) can now be rewritten to 
incorporate all the speed-up techniques 
mentioned so far which are relevant to 
it. 


n) 10 FOR Y = 110 32 
20 FOR X = 110 64 
30Q = S(X,Y) 

40 NEXT 
50 NEXT 


(execution time 14.1 S) 


The big improvement in execution time 
over the previous 202 seconds is mainly 
due to the use of the array to eliminate 
the need for the t and SQR functions. 


Added extras 


There are a number of further tech- 
niques which will have a lesser effect on 
speed but which may however be useful 
in fine-tuning a program. Variables are 
stored in a variable table by the BASIC 
interpreter in the order which they are 
first encountered in a program. Hence if 
the first line of a program is: 
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OVER 
200! 


circuits and ideas culled from the 
‘Ideas for Experimenters’ pages of 
ETI’s Australian and British editions. 


ETI CIRCUITS No. 3 


contains a wide range of circuits, ideas 
and data for the electronics enthusiast, 
arranged in 15 categories, including 
Alarms, Audio, Computers, Games, 
Triggering & Switching, Techniques, 
RF and Test & Measurement. 


$2.95 


Available at newsagents and selected 
specialist suppliers, or by mail order direct 
from: 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011 
Please add 65 cents post and handling. 
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HOW? 
WHAT? 
WHICH? 
WHERE? 
WHY? 
HOW MUCH? 


CIRCUIT TECHNIQUES 
VOL. 1. 


Is an anthology of electronic 
components, circuits and tech- 
niques, gathering together a 
host of useful articles published 
in the pages of ETI over the past 
few years. 

Within its 148 pages, the book 
covers how to use op-amps, 555 
timer applications, a practical 
guide to CMOS, VFET tech- 
niques, Power MOSFETs and 
circuit techniques, using the 
4093 Schmitt trigger, voltage 
regulator applications, design- 
ing with diodes, LED circuits, 
practical guide to zeners, crys- 
tal oscillator techniques and 
more. 

All in one handy volume, 16 
timeless articles of inestimable 
value to the electronics enthusi- 
ast, experimenter, technician or 
engineer. 


For just 


$4.75 it's a steal! 


Available from newsagents, selec- 
ted electronic suppliers or direct 
lige) aa) 


ET! Magazine 
15 Boundary St Rushcutters Bay 
NSW 2011 Please add 65 cents for 


post and handling if buying by mail 
lol dertais ; 


10A=5:B=7 


then A becomes the first variable in the 
table and however often its value 
changes as the program is run it re- 
mains at the top of the table. Similarly 
B will be the second variable in the 
table. Each time a particular value is 
specified during a program the in- 
terpreter will search through its table, 
starting at the top until it is found. Some 
time can therefore be saved by declaring 
near to the start of a program any vari- 
ables which are later to be specified 
frequently. Then each time the variable 
is encountered the search is minimised. 

In very long programs it may be 
worthwhile to place any subroutines 
which are to be called frequently near 
the beginning. This is contrary to 
normal practice, where subroutines are 
normally placed after the main body of 
the program. When the interpreter en- 
counters an instruction such as 
GOSUB 1000 it will look at every line 
number from the start of the program 
until line 1000 is found. Therefore the 
nearer to the start of a program a sub- 
routine is placed, the less the search 
time on each occasion that it is called. 

The use of multiple statements 
instead of one statement per line will 
have a very minimal effect on run time 
and is not generally worthwhile for 
speed considerations alone. 

Any of the above techniques can be 
applied to reduce the running time of 
critical parts of your programs. 
Individually some procedures will have 
very little effect, but used in com- 
bination they can improve a program 
considerably. 


oy 


le 
hie , 


Re. we 
Stock lists and inventory control require the sort of programming techniques that are explained in this article. 


Advanced BASIC 


If you followed the previous series on Back Door Into 
BASIC, published in Electronics Today International and 
in Computers and Computing — Yearbook 1982, or 
picked up the rudiments of BASIC programming 
elsewhere, you're probably asking yourself “where do 


I go from here?” 


THE EASY ANSWER to that question 
in the introduction is — programming 
experience will reveal all to the initiate. 
But really, that just isn’t true. There’s a 
lot to be learned about programming 
which most people (myself included) 
could never develop from scratch — 
novel concepts and systems, applied 
mathematical methods et cetera. 

These Advanced BASIC articles are 
intended to provide food for thought and 
to stimulate those who have exhausted 
their interest in computer games. 

The language used is an 8K Microsoft 
BASIC, and minor alteration will allow 
the included examples to run on almost 


any medium-sized personal computer 
system. 

Although the various articles in this 
series have been written to cover a 
particular concept or field of study, each 
part introduces other facets which add 
together to provide a useful program or 
major program segment in each part of 
the series. 


Sorting 

A very common problem in computing is 
sorting of one type or another. This can 
be anything from simple alphabetic 
sorting to sorting of time-dependent 
data from different sources to give an 
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overall picture. There have been books 
written on different sorting algorithms 
— but we're not going into it quite as 
deeply as that! 

This article covers three types of 
sorting: 1) pigeon-hole, 2) push-down 
and 3) ripple. 


Pigeon-hole sorting 


This is the fastest and most wasteful in 
memory space of the three types. It can 
only be used in some instances where 
the minimum difference between 
successive sorted data is fixed and 
known, and where the range of input 
values is also known. Essentially, itp 
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entails having set aside a location in 
memory for each possible input and 
putting the incoming data into its re- 
served location as it comes in. 

This type of sort is useful for 
applications such as the handling of 
monthly sales figures — it has the 
additional advantage of reserving space 
for interpolated data. 

As an example of the use of this type 
of algorithm, the following program will 
take in up to 52 weekly figures (weekly 
sales, for example) and then interpolate 
the unknown figures. 

10 DIM A(52) 

A holds the data. A negative value in A 
will mark an ‘unknown’ figure, so: 

20 FORI=1T0O52 


30) =A(I) = -1 
40 NEXTI 
Now input the data: 
50 INPUT “WEEK NUMBER”; N 
60 IFN<OTHEN 105 


A negative number will end the input of 
data and cause the results to be printed 
out. 

70 INPUT“SALES”;S 

80 IFS<0THEN 70 
This stops locations being marked as 
unknown by mistake. 

90 A(N)=S 

100 GOTO 50 


Now for the interpolation routine. This 
uses a linear approximation between 
two values to fill in the unknown values 
which occur between them. It will only 
do so between the earliest and latest 
known data. 

105 J=1 

110 J=J+1 

120 IF J>51 THEN 250 

130 IF A(J)> —.5 THEN 110 


The above will find an ‘unknown’ week. 
If there are none left, it will jump to 250, 
which prints the results. Now find the 
nearest known figures before and after 
point J (the unknown week which we 
found above): 


150 FOR AF =J+1T0O52 

160 IF A(AF)> —.5 THEN 190 

170 NEXT AF 

180 GOTO 110 

190 FORBF = J-1TO1STEP -1 
200 IF A(BF)> —.5 THEN 230 

210 NEXT BF 

220 GOTO 110 


BF and AF now contain the nearest 
‘known’ weeks before and after J, 
respectively. Now interpolate: 
230 A(J) = (A(BF)*(AF—J) + 
A(AF)*(J-BF)) / (AF-BF) 

(This is a standard linear interpolation 
equation, which can be derived with a 
bit of geometry). Find the next 
unknown: 


240 GOTO 110 
Now print the results when finished: 
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START 


Fi 


ARRAY A 


NO MORE 


150-180 


FIND LAST 
KNOWN FIGURE 


190-220 


FIND NEXT 
% KNOWN FIGURE 


Figure 1. A ‘pigeon-hole’ sorting routine with inter- 
polation. This can be used to provide an educated 
guess at missing sales figures. 


250 FORI=1TO52 
260 IF A(I)> —-.5 THEN PRINTI, A(D 
270 NEXTI 


A flowchart for the above program is 
given in Figure 1. 


Push-down sorting 


In applications where a_ variable 
number of data points is to be sorted and 
stored in order, push-down order is often 
the best course, being fairly simple to 
implement. The idea is that a list of the 
items in order is kept in a ‘stack’ 
structure. This is simply an array larger 
than the largest number of data to be 
held. The data is stored in the array 
elements with subscripts below a 
certain value. This value increases as 
more data is added. 

The value of the subscript at the ‘top’ 
of the stack is held in the ‘stack pointer’. 
This is incremented as data is added to 
the stack. 

The addition of an item of data in the 
middle of the stack means that the rest 
of the data has to be ‘pushed down’ to 
accommodate it. 

The following example will sort 
numbers into ascending order using a 
push-down algorithm (see Figure 2 for 
flowchart). 

10 DIMS(50) 

S is the stack — up to 50 items can be 
stored. 

20 SP=0 
SP, the stack pointer, points to the 


35 
INPUT NEXT ITEM 
OF DATA 
Y 


PUT NEW DATA 
ON THE TOP 
OF THE STACK 


Figure 2. Push-down sorting — full explanation in 
the text. 


highest location which is in use. Setting 
it to O indicates that the stack is empty. 


30 IFSP =50 THEN PRINT 
“NO ROOM” : GOTO 180 

35 INPUT “DATA”; D 

40 IF D<0OTHEN 180 


inputs the data (which is assumed to be 
above zero). A number below 0 is taken 
as an instruction to print the results. 
Line 30 checks to see if the stack is full 
up. First, find out where to put D — 
check to see if it’s the only data: 


50 IFSP>0THEN 90 
60 SP=SP+1 

70 S(SP)=D 

80 GOTO30 


If it’s not the only data, find out where it 
should be in the stack: 


COMES JUST 
THE NEW DATA 


130-150 


PUSH DATA DOWN TO 
MAKE ROOM FOR 
NEW ITEM 

PUT NEW DATA 
INTO STACK 


90 FORI=1TOSP 
100 IF S()>D THEN 130 
110 NEXTI 


If D reaches this point then it must be 
the largest item, so 

120 GOTO60 
puts it on the ‘top’ of the stack. If line 100 
sends it to line 130, it must come just 
before item I. Push the data down just 
before item I: 


130 FORJ =SPTOISTEP -1 
140 S(J+1) = Si) 
150 NEXT J 
and then insert D: 
160 SI) =D 
165 SP=SP+1 
170 GOTO 30 


Now print the results: 
180 FORI=1TOSP 
190 PRINT S(1) 

200 NEXTI 


Ripple sort 


This is probably the best-known sorting 
algorithm. It is also known as bubble 
sort or even, on occasion, travelling- 
wave sort. 

The way it works is this: the data is 
put into a fixed-length array (or, as in 
the case of the example to follow, a 
stack). Starting at one end, the program 
compares successive pairs of items and 
swaps their positions in the list if they 
appear in the wrong order. It repeats 
this, starting at the same end each time, 
until it hasn’t made any changes in the 
latest pass. Thus a ‘bubble’ of change 
sweeps up through the data array. > 


Kidney disease is the silent killer in 
Australia today. It may be present 
without apparent symptoms — & 
hundreds of Australians die of it 
every year. 

But because people can’t see their 
kidneys and don’t know much about 
their functions, they miss the vital 
early warning signs. 

Our kidneys are, in fact, miraculous 
miniature laboratories containing 
one to two million filters that help 
control blood pressure & the 
important balance of salt & water in 
our bodies. Yet over 300,000 
people consult their doctors each 
year with kidney complaints. 

The Australian Kidney Foundation 
is the only voluntary gift-supported 
community health organisation 
solely concerned with fighting 
kidney disease, the silent killer. The 
Foundation provides research & 
education programmes to both the 
general public and the medical 
profession. As well as life-giving aid 
to thousands of ordinary 
Australians. 

We need urgent financial support to 
continue our work — and we need 
kidney donors. 

For more information, ring the 
number below. Any donation of $2 
or over is tax deductible and 
bequests, endowments and 
legacies are exempt from State & 
Federal Estate duties. 
Remember, as someone has so 
rightly pointed out - the life you 
could help to save could be your 
own. 


The Australian Kidney Foundation, 
1 York St., Sydney. Phone 27 1436 


HOW? 
WHAT? 
WHICH? 
WHERE? 
WHY? 
HOW MUCH? 


CIRCUIT TECHNIQUES 
VOL. 1. 


Is an anthology of electronic 
components, circuits and tech- 
niques, gathering together a 
host of useful articles published 
in the pages of ETI over the past 
few years. 

Within its 148 pages, the book 
covers how to use op-amps, 555 
timer applications, a practical 
guide to CMOS, VFET tech- 
niques, Power MOSFETs and 
circuit techniques, using the 
4093 Schmitt trigger, voltage 
regulator applications, design- 
ing with diodes, LED circuits, 
practical guide to zeners, crys- 
tal oscillator techniques and 
more. 

All in one handy volume, 16 
timeless articles of inestimable 
value to the electronics enthusi- 
ast, experimenter, technician or 
engineer. 


For just 


$4.75 it's a steal! 


Available from newsagents, selec- 
ted electronic suppliers or direct 
igelan 

mm imlUrelere4lat= 


15 Boundary St Rushcutters 
»W 2011 Please add € 


Kom are lalelilale mia oleh diatom ohvarnal-T]| 
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The following program allows named 
data items with several parameters to 
be stored or deleted one at a time. They 
can also be sorted according to any one 
of the parameters. A full flowchart is 
given in Figures 3 to 6. 

100 REM MAIN PROGRAM 

110 INPUT “HOW MANY ITEMS 

(MAXIMUM) ”; NI 
120 INPUT “HOW MANY 
VARIABLES PER ITEM ”; NV 

130 DIM A(NI, NV), A$(NI), N$ (NV) 
A holds the parameters associated with 
each item, A$ holds the item names and 
N$ holds the parameter type names. 

140 FORI=1TONV 

150 PRINT “WHAT IS 

VARIABLE ”;I;* CALLED ”; 

160 INPUT N$ (D 

165 NEXTI 

170 SP=0 
SP is the stack pointer. 

180 INPUT “COMMAND”; C$ 

190 IF C$ = “I” THEN GOSUB 1000 

200 IF C$ =“S” THEN GOSUB 2000 

210 IFC$= “R” THEN GOSUB 3000 

220 IF C$ = “E” THEN STOP 

230 GOTO 180 
inputs the command and takes the 
appropriate action. I = input, S = sort, 
R = remove and E = end. 

1000 REM INPUT 

1020 IF SP> = NI THEN PRINT 

“NO ROOM” : RETURN 
checks for stack overflow. 

1030 SP=SP+1 

1040 INPUT “ITEM NAME”; ASSP) 

1050 FORI=1TONV 

1060 PRINT “WHAT IS THE”; 
N&D; “ OF ITEM ”; A$(SP) 
INPUT A(SP, 1) 

1080 NEXTI 

1090 RETURN 
The above section of code inputs the new 
item and its parameters and puts them 
on to the end of the stack, incrementing 
the stack pointer. 

2000 REM SORT 

2005 IF SP<2 THEN PRINT “NOT 

ENOUGH ITEMS” : RETURN 
Stops the user trying to sort one item! 
Trying to sort one item will upset the 
algorithm used. 

2010 INPUT “SORT ACCORDING 
TO WHAT”; S$ 
FORI=1TONV 
IF N$(D = S$ THEN 2060 
NEXTI 
PRINT 
“NOT FOUND ”: RETURN 
finds out which parameter to use in the 


1070 


2020 
2030 
2040 
2050 


sort. 

2060 S=I 
stores the result of the above so that we 
can use I for the next loop (it’s tra- 
ditional to use the letter I for this 
because in FORTRAN it represents the 
first integer variable). 

2070 F=0 
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INPUT NUMBER OF 
(TEMS AND NUMBER 
OF PARAMETERS 

EACH ITEM HAS 


EXECUTE RELEVANT 
SUBROUTINE 


Figure 3. The main program. This calls all the sub- 
routines and initialises everything. 


INPUT ITS PARAMETERS 


Figure 4. Adding an item. 


F is a flag which indicates (if it is set to 
1) that a swap has been made on the 
latest pass. 

2080 FORI=2TOSP 

2090 IF A(I,S)> = Ad - 1,S) THEN 

2190 

If the two items don’t need to be 
swapped, line 2090 skips the next bit. 

2100 T$ = AS$(I) 

2110 A§$(I) = A$(I — 1) 

2120 A$(I-1)=T$ 

2130 FORJ=1TONV 

2140 T=A(I,J) 


Figure 5. 
Vv 


INPUT PARAMETER BY 
(TEM: 
TO BE SORTED 


“NOT ENOUGH 
ITEMS" 


IS ARE 


The sorting routine itself. 


PART 2 


2100-2120 


2130-2170 


SWAP PARAMETERS 


EXECUTE SUBROUTINE 
WHICH PRINTS RESULTS 


2150 A(,J) = A(I —1,J) The next section is essentially a 


2160 AU-—1,J)=T push-down sort in reverse, the only 
2170 NEXTJ complication being the moving of the 
2180 F=1 parameter values. It might be in- 


swaps the two items (including their structive to look at the differences 
parameters). T$ and T are temporary between Figures 2 and 6. 
stores. Fissetto1ltoshowthatachange 3080 FORI=StoSP 


has been made in the current pass. 3090 A$ = A$(I + 1) 
2190 NEXTI 3100 FORJ=1TONV 
tests the next pair. 3110 Ad,J)=A( + 1,J) 

2200 IF F = 1 THEN 2070 3120 NEXTJ 


STORE NUMBER 
CORRESPONDING 
TOITEM 


repeats the whole thing if there have 3125 NEXTI 

been any swaps. Hopefully, after 3130 SP=SP-1 

enough ‘ripples’, the program will do 3140 RETURN 

one pass without finding any items in The next routine prints out the list. 


the wrong order. All the string variables are limited to 
2210 GOSUB 4000 eight characters for format reasons. 
prints the results. This routine is only entered via the sort 
2220 RETURN routine. 
3000 REM REMOVE 4000 REM PRINT 
SEH GOWN TERS 3010 INPUT “WHICH ITEM”; S$ 4020 PRINT 
ems TOBE 3020 FORI=1TOSP 4030 PRINT “NAME”, 
REMOVED 3030 IF A$(I) = S$ THEN 3060 4040 FORI=1TONV 
3040 NEXTI 4050 PRINT LEFT$ (N$ (D, 8), 
—— 3050 PRINT 4060 NEXTI 
“NOT FOUND” : RETURN 4070 PRINT 
finds out which item is to be removed. 4080 FORI=1TOSP 
Store I (as in line 2060): 4090 PRINT LEFT$ (A$ (D, 8), 
3060 S=I 4095 FORJ=1TONV 
Check to see if the item is atthe endof 4100 PRINT Ai, J), 
the stack: 4110 NEXTJ 
Figure 6. Removing an item. This is fairly similar to 3070 IFS =SP THEN 4120 PRINT 
Figure 2 in parts. SP = SP —- 1: RETURN 4130 NEXTI 
deals with this case. 4140 RETURN 8 


Introducing the first complete single board computer for the S100 bus ... 


SBC100 MASTER PROCESSOR 


Provides all resources necessary for stand-alone CP/M operation, yet allows expansion into 
multi-processor and hard disk systems. 


Features: 

@ Z-80A 4MHz 

@ Two serial ports (Z-80 DART —SIO optional) 

@ Two parallel ports (Z-80A PIO) 

@ NEC 765 floppy disc controller supports 4, 203 mm drives 
double sided, double density. 

@ 64K RAM (no wait states) 

@ 2732 4K EPROM supplied with system executive, may be 
switched out under software control. 

@ Intelligent Winchester interface (optional). 

@ IEEE 696 S100 standard interface. 

@ Software programmable baud rates. NOW AVAILABLE: 

@ Time-of-day clock. m@ System 1000 professional single user system 

@ Will operate stand-alone. and ; ; : 

@ Expandable into multi-user and hard disk systems. m System 8000 multi-user, multi-processing 


w@ 4-layer PCB, all IC’s socketted, high quality construction. Se ae under TURBODOS; both based 


TMGIONIN 


waits ate bas el 


We also stock VDUs, printers, and a large range of 
CP/M software. 


75 Grand Boulevard, Montmorency, 3094, 
Victoria, Australia. patie : 
Postal: PO Box 158, Hurstbridge, 3099, We can provide individual boards, metalwork, single user 


. . . systems, or complete multi-processor machines. Write for a full 
Poe a) 439 6267 Ts catalogue (enclose $1) and be put on our mailing list. Mail orders 
e: L) bankcard are welcome. Prices and specifications subject to change without 
weicome here notice. 
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Advanced BASIC 
Part 2 — Chaining 


Phil Cohen 


This article explains and _ illustrates ‘chaining’. The 
language used is 8K Microsoft BASIC, and minor 
alterations will allow the included examples to run on 
almost any medium-sized personal computer system. 


LET’S SAY you've got a list of items 
with a definite sequence — words in a 
word processor, or names in alpha- 
betical order, for example. What’s the 
best way to organise their storage in a 
program? 

Easy, you say. Put them into an 
array. 

Okay, but what if you want to add one 
item to the list, but in the middle of the 
list. What happens? One approach is to 
find out where the item goes and move 
all the items after it down one position 
(assuming, of course, there’s room in the 
array). This becomes very slow if you 
have a lot of items in the list. 

Another way of doing it is to have a 
separate list of ‘amendments’ to the 
existing list and to check it as the main 
list is read out. This is okay if the 
number of amendments is very small. 

One solution to the problem is to use 
what is known as ‘chaining’. Each item 
in the list ‘points’ to the next item. 

Perhaps the easiest way to explain 
this is with an example. The list we 
want to represent is: 


1.1, 2.2, 3.3, 4.4 


This is stored in the array A(5,2). The 5 
gives us room to add one more item to 
the list and the 2 allows the storage of 1) 
the data, and 2) the location of the next 
item: 


AQ) =1.1 
A(2,1) = 2.2 
A(3,1) = 3.3 
A(4,1) = 4.4 


The item after 1.1 is 2.2, and so 
A(1,2) = 2 


Similarly, 
A(2,2) =3 
A(3,2) = 4 


Now 4.4 is at the end of the list, so we'll 
mark this by a negative number: 

This couldn’t possibly be the next lo- 
cation, since the array subscripts start 
at 0, and so the program will be able to 
recognise the end of the list. We also 


HECK FOR 
THE END OF THE 
LIST 


Figure 1. A program which allows the list to be 
printed in order. 


se a ‘pointer’ to the start of the list: 
=1 

The following program will print the 
list defined above (see also Figure 1): 

101I=S 
lis the current item. Point it tothe start. 

20 PRINT A(I,1) 
prints the current item. 

301 = A(I,2) 
sets I to the next element’s location. 

40 IF I>0 THEN 20 
repeats the process until all the items 
have been printed. When 4.4 has been 
printed, line 30 will set I = A(4,2), 
which is —1, and line 40 will ‘trap’ this 
as the end of the list. 

Fine, we can read the list out — what 
about adding items? 

This is where it gets a bit cleverer — 
we don’t have to move any of the data. 
All we have to do is to find a place for the 
data, point one of the list’s pointers at it 
(which pointer depends on where in the 
list the new item is to be added) and 
then point the new item’s pointer back 
into the list where it was ‘broken’. 

First of all, though, we have to find 
out if there’s room. Remember, we have 
no way of knowing (yet) which locations 
hold data and which are unused (with- 
out going through the list each time, 
that is). What if we set the ‘next item’ 
part of the unused locations to 0. Then 
we'll be able to tell the locations from 
data, or from the ‘end of list’ marker 
(which is —1). The unused location in 
the above example was location 5, so 

A(5,2) = 0. 


> 


What we have to do to add an item, 
then, is 

a) Look for an empty location (and 
STOP if there are none!) 

b) Change the pointer of the item 
which comes before the one we want to 
add to point to the new item. 

c) Set the pointer of the new item to 


START 


FOR EACH 
ARRAY ELEMENT 


IS THE POINTER 
OF THE CURRENT ITEM 
= 0? (INDICATING A 
PARE LOCATION 


SET VALUE OF 
FREE ITEMTO 
ONE TO BE ADDED 


FINISHED 


SET THE POINTER 
OF THE NEW ITEM 
TO POINT AT THE 

ITEM TO COME AFTER IT 


SET THE POINTER OF 
THE ITEM BEFORE THE 
INEW ONE TO POINT AT! 


Figure 2. This segment adds one item to a 
specified position in the list. 


Haven’t you ever seen 
a 4K RAM before? 


point to the item which will come after 
it. 

Say we want to change the list to: 

1.1, 2.2, 99,3.3, 4.4 


We set 
A(2,2) =5 
A(5,1) = 99 
A(5,2) = 3 


The following program segment will 
add an item with value V after item L 
(see flowchart, Figure 2). 

10 FORI=1TO5 

20 IF A(I,2) = 0 THEN 50 


10 


START 


SET 1TO POINT 
TO THE FIRST ITEM 


30 NEXT I 

40 PRINT “NO ROOM LEFT”: STOP 
checks for empty locations (which have 
a pointer value of 0) and stops if there 
are none. 

50 A(I,1) = V 
I should be the number of the first empty 
location. 

60 A(I,2) = A(L,2) 
sets the pointer of the new item to where 
the pointer of the item was before it was 
pointing (whew!). 

70 A(L,2) =I 
completes the addition. 

The following segment will remove 
item R. This is rather more tricky than 
the last program, as we have to find out 
which item is pointing at item R. It 
won't remove R if it’s the first member of 
the list, by the way — this involves 
changing the value ofS. It’s easy enough 
to add a small section of program to 
check for this, though (see the full-sized 
example later in the article). 

101I=S 
the start of the list; 

20 IF A(I,2) = R THEN 60 
if the item I points at R, jump. 

30 IF A(I,2) <0 THEN PRINT 

“NOT FOUND” : STOP 
If R hasn’t been found by the end of the 
list then something’s wrong! 

401 = A(I,2) 

50 GOTO 20 
try the next one: 

60 A(I,2) = A(R,2) 

This takes care of the pointers in the 
list. All we have to do now is to mark R 


as being empty: 

70 A(R,2) = 0 
Figure 3 shows the flowchart of the 
above program. > 


PRINT 
“NOT FOUND” 


DOES ITEM I'S POINTER 
POINT AT THE ITEM 
TO BE REMOVED? 


SET I'S POINTER TO 
THE ITEM AFTER THE 
ONE TO BE REMOVED 


SET THE POINTER OF 
THE REMOVED ITEM TO 


Figure 3. Removes a specified item — without the 
need to ‘shuffle’ data. 
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Other points to note about chaining 
are: 
e There’s no reason why there should 
only be one list per array. All that’s re- 
quired is to have several ‘start of chain’ 
pointers (like S in the above example). 
Remember — one array takes up less 
room than two of the same total size. 
@ Several lists can share the same ‘tail’. 
If this is a representation of two lists: 


then there’s no reason why they 
shouldn’t be arranged like this 


Sl 


-1 
S2 


This sort of thing is useful for mailing 
list systems where some addresses 
would appear on_ several lists 
members of a club who are also 
committee members, for instance. Their 
addresses would only be recorded once. 
© List pointers can go in both directions: 
A(1,1) = 1.1, A(2,1) = 2.2, A(3,1) = 3.3 
A(1,2) = 2, A(2,2) = 3, A(3,2) = -1 
A(1,3) = —1, A(2,2) = 1, A(3,3) = 2 
Using the A(I,2) pointers would cause 
the list to be read as 
1.1, 2.2, 3.3 
whereas using the A(1,3) 
would cause it to be read as 
3.3, 2.2, 1.1 


pointers 


START 


SET MS = THE MAXIMUM 
NUMBER OF ITEMS IN 
THE LIST 


DIMENSION ARRAYS AS AND P 
(WHICH HOLD THE DATA AND 
POINTERS RESPECTIVELY) 


20 
SET UP THE 
DUMMY ELEMENT 
30 
INPUT A COMMAND 


40-70 
EXECUTE THE 
RELEVANT SUBROUTINE 


Figure 4. The main program. Flowcharts for the 
subroutines are given in Figures 5 to 7. 
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e Chains can be circular, for storing re- 


betical order, allowing the list to be 
printed, added to or edited. The pointers 
are stored in a separate array to the 
data but the two arrays are the same 


START 


1010 


INPUT THE ITEM NAME 


CHANGE THE ‘START 
OF LIST' POINTER 


1020 


SETI TO POINT TO THE 
FIRST ITEM IN THE LIST 


MARK THE REMOVED 
ITEM AS ‘FREE’ 


PRINT 
“NOT FOUND” 


DOES :'S POINTER 
POINT AT THE ITEM TO BE 
REMOVED? 


STORE THE IDENTITY OF 
THE ITEM TO BE REMOVED 


SET (TO POINT AT 
THE NEXT ITEM 


MAKE THE POINTER OF 
THE ITEM BEFORE 
THE ONE TO BE REMOVED 
POINT TO THE ITEM AFTER THE 
ONE TO BE REMOVED 


1 


MARK THE REMOVED 
ITEM AS ‘FREE’ 


Figure 5. The remove subroutine. 


Thus a program can look through a list size and each element of one corre- 
in either direction — in word processing sponds to one element of the other. A full 
systems this means the ability to ‘go flowchart is given in Figures 4 to 7. 
back to the beginning of the current 5 MS = 50 
sentence’. MS is the maximum number of ele- 
e Multiple-entry lists are useful for ments. It’s best to have it set right at the 
storing large numbers of data in alpha-_ start of the program so that it’s easy to 
betic or numeric order — the program find. 
can enter the list at the ‘words 10 DIM A$ (MS), P(MS) 
beginning with C’ pointer when trying A$ holds the data while P holds the 
to place the name Carter in an alpha- pointers. We will assume that all the 
betic list. elements of P are 0. 

20S =1:P(1) = -1: A$) =" 


(caren) aearre (eon) (omen) This is the ‘dummy’ element of the list 


— in lists of variable size it is necessary 
to limit the minimum list length to one 
element, so that S has something to 
point to. A$(1) is set to the null string. 


peated sequences such as rotas. 30 INPUT C$ 
The following program will store a C$ is the command: R for remove, A for 
number of string variables in alpha- add, P for print. 


40 IF C$ = “R” THEN GOSUB 1000 
50 IF C$ = “A” THEN GOSUB 2000 
60 IF C$ = “P” THEN GOSUB 3000 
70 GOTO 30 


TO PART 2 


Y 
2060 
SET THE NEW ITEM'S POINTER 
TO THE ‘START OF LIST’ POINTER 
2090 
SET THE ‘START OF LIST POINTER 
TO THE NEW ITEM’S LOCATION 


A 
Figure 6. Add subroutine — this also checks to see 
if there’s room. 

Vv 


PART 2 


FROM PART 1 


SHOULD 
THE NEW ITEM 
COME JUST BEFORE THE 
NEXT (TEM? 


Yy 
2150 


2160 


SET THE POINTER OF ! 
TO THE NEW LOCATION 


executes the relevant subroutine and 
returns for the next command. 
1000 REM REMOVAL 
SUBROUTINE 
1010 INPUT “WHICH ITEM”; W$ 
finds out which item to remove. 
1015 IF AS) = W$ THEN 
SS=S:S = P(S): P(SS)=0 
TURN 


RE 
checks to see if the first member of the 
list is the one to be removed. As the 
algorithm used in the subroutine can’t 
handle this directly, this line grabs it 
when it occurs. SS is a temporary store 
for S — see line 1080 later. 

1020 I=S 

1030 IF P(I) = —1 THEN PRINT 

“NOT FOUND” : RETURN 
Since we’re looking one item ahead — so 
that we can change the pointer which 
points at W$— we look for the end of the 
list at the item after item I. 

1040 IF A$(P(D)) = W$ THEN 1065 
found W$ in the next item? — then jump 
out of the loop. If not, 

1050 I= PD) 

1060 GOTO 1030 
... try the next one. If W$ has been 
found, these next two lines take care of 
the pointers: 

1065 P=P(D) 

1070 PD) = PPM) 

Now mark item I as being empty: 

1080 P(P) =0 
P was a temporary store for the value of 
P(D, as we need this value at line 1080 
but it has been changed by line 1070. 
Location I is now empty. The dummy 
location (see line 20) will not be re- 
moved by this subroutine, as line 1010 
will not accept a null string and the 
routine cannot, in any case, remove the 
last item in the list — line 1030 would 
prevent it. 

1090 RETURN 

2000 REM ADD AN ITEM 
First, find out if there’s room: 

2020 FORF=1TOMS 

2030 IF P(F) = 0 THEN 2060 

2040 NEXTF 

2050 PRINT 

*“NO ROOM” : RETURN 
F is now the location of the first free 
element of the array — if there are any. 

2060 INPUT “ITEM ”; W$ 

2065 A$(F) = W$ 
This routine uses an alternative 
approach to the problem of dealing with 
the beginning and end of the list — the 
end causes problems for the REMOVE 
subroutine and this is why the dummy 
element was put in at the end. The 
beginning of the list will cause problems 
for this routine if we’re not careful but 
we won't put a dummy element in the 
beginning as well -— just to show the 
alternative approach. Instead: 

2070 IF A$(S)o “” THEN 

IF A$(S) «W$ THEN 2100 


If the dummy element isn’t the only one 
in the list and W$ doesn’t come first in 
the list, jump to 2100. The « can be used 
to compare strings alphabetically in 
most comprehensive BASICs. If the 
version you're using doesn’t have this 
feature you will have to write a short 
subroutine to do it. The IF... THEN IF 
... THEN construction causes the pro- 
gram to ignore the result of IF “” » W$. If 
W$ got past line 2080 then it must come 
just at the start of the list, so: 

2080 P(F)=S:S=F 

2090 RETURN 


Figure 7. The list routine — the simplest of the 
three. Note how the addition of a dummy element 
makes this routine different from Figure 1. 


However, if W$ comes further down the 
list, 

2100 I=S 

2110 IF P(P()) = —1 THEN 2150 
If the search reaches the end of the list, 
WS must come last in the list. 

2120 IF A$(P())> W$ THEN 2150 
If the next item is further down the 
alphabet than W$, it must go in just 
after I (and before A$(P(I))). If not, try 
the next one: 

2130 I= PD 

2140 GOTO 2110 
Now add location F in the right place: 

2150 P(F) = Pd) 

2160 P(I)=F 

2170 RETURN 
Now for the simplest of the three 
routines: 

3000 REM PRINT 

3010 I=S 

3020 IF P(I) = -1 THEN RETURN 
This prevents the dummy element from 
being printed, and ends the subroutine’s 
execution. 

3030 PRINT AS(D 

3040 I= P(I) 

3050 GOTO 3020 r 
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Advanced BASIC — Part 3 
Top-down programming 


Our previous articles in this series have explained ‘Sorting’ 
and ‘Chaining’. In this article Phil Cohen goes into 
“Top-down programming’. 


WHAT EXACTLY is ‘top-down pro- 
gramming’ — the almost mystical art 
which professional programmers are 


Top-down programming . sometimes heard to refer to in awe? 
sure is fun — so long — 
as you know which is the 

‘op and which is the bottom! 


Essentially, it means that the program 
is written from the outside inwards — 
the main outline is programmed first, 
the details of the algorithm coming 
later in subroutines. 

As an example of this, let’s take a 
hypothetical chess program. Writing 
such a program from scratch in BASIC 
is a daunting task without the use of 
top-down methods. You have to start by 
knowing exactly what the program is 
required to do, and this takes a large 
amount of work on the definition of the 
task before programming can even 
begin. 

With top-downing, the program is 
written as you plan the task. For 
instance, the main program may consist 
of only subroutine calls (i.e: GOSUBs), 
with the subroutine tasks only roughly 
defined. Let’s make the explanation of 
this a bit easier by changing the 
language a little. We'll represent this: 

10 GOSUB 1000 


1000 REM ROUTINE TO ADD 


1100 RETURN 
by this: 
10 add 


1000 PROCEDURE add 


1100 END 


This nomenclature will be familiar 
to those who have met ALGOL or 
PASCAL — languages ideally suited 
to top-downing. The word ‘add’ (unless 
preceded by the reserved word ‘PRO- 
CEDURE’) means that control is to be 
passed to the line of the program at 
which ‘PROCEDURE add’ occurs. This 
is entirely analogous to ‘GOSUB’, 
except that a name is used instead of a 
number to define the subroutine’s start. 
The word ‘END’ has the same effect as 
‘RETURN’ in BASIC. 

Let’s start writing our chess program. 
The main program may consist of: 

10 set-up-board 

20 input-human’s-move 

30 check-human-move-legal 

40 make-move 

50 test-for-human-win 

60 choose-best-move 

70 make-move 

80 test-for-machine-win 

90 GOTO 20 
Then the subroutines can be worked out 
in detail: 

4000 PROCEDURE set-up-board 

4010 change-memory 

4020 print-results 

4030 END 


11000 PROCEDURE print-results 

11010 FOR I=1 TO8 

11020 FOR J=1T0O8 

11030 print-square(I, J) 

11040 NEXT J 

11050 PRINT 

11060 NEXT I 

11070 END 
In line 11030 we see parameter passing. 
This is also found in BASIC: 

10 A = SIN (B) 
the only differences being a) that here 
there is more than one parameter and b) 
that the procedure ‘print-square(,)’ de- 
livers no result to the calling program. 
In this sense it is similar to the TABQ 
function in BASIC. 

It can be seen from the above segment 
that this sort of top-down approach is 
easy in an ALGOL-like language — but 
how can we make use of it in BASIC? 

Let’s try re-writing the above 
example in BASIC: 

10 GOSUB 1000 : REM SET UP 

BOARD 
20 GOSUB 2000 : 
HUMAN’S MOVE 
30 GOSUB... 
and so on. Now for the subroutines: 
4000 REM MAKE MOVE 
4010 GOSUB 1000 : REM CHANGE 
MEMORY 

4020 GOSUB 11000 : REM PRINT 
RESULTS 

4030 RETURN 


REM INPUT 


11000 REM PRINT RESULTS 
11010 FORI=1TO8 
11020 FOR J=1TO8 


Now here we hit a small problem. In 
BASIC there is no statement which will 
allow parameter passing to a sub- 
routine, such as 
11030 GOSUB(I, J) 12000 : REM 
PRINT SQUARE 
and so we have to resort to 
11030 GOSUB 12000 : REM PRINT 
SQUARE 
11040 NEXT J 
11050 PRINT 
11060 NEXTI 
11070 RETURN 


12000 REM PRINT SQUARE 
12010 P = Bi, J) 


where P is the number representing the 
piece to be printed and B(,) is an 8 x 8 
array which holds the current state of 
the board. Variables I and J are called 
‘global’ variables in this context, 
because they have the same meaning 
inside and outside the subroutine. 


Zoning 


There’s only one thing wrong with the 
above method in BASIC and that is that 
variables used in other routines (or in 
the main program) shouldn’t change 
value in routine ‘print-square’. This is 
all very well if you can keep track of all 
the variables you use in a large 
program. This is not always easy, how- 
ever, and mistakes can take a very long 
time to find. Another point is that 
‘library’ routines — useful ones which 
are going to be used in more than 
one program — will have to use non- 
overlapping sets of variables. 

Languages such as ALGOL take care 
of these problems automatically — 
variables are defined on entry into a 
subroutine and will be destroyed on 
exit. Those which were used in ‘the 
calling routine and re-defined on entry 
to the called routine will have their 
value stored on entry and will be set to 
their original value on exit. 

Unfortunately, routines written in 
BASIC have to have this storage and 
retrieval added to them as they are 
written. One way to do this is to define a 
general-purpose stack: 

10 DIM S(100) 

RELATION!) 

20 SP=0 

30 SE = 100 
and, on entry to each routine, to push 
onto the stack the values of the 
variables (except those which are 
parameters) which are used in the 
routine. These can then be pulled off the 
stack on exit: 

12000 REM PRINT SQUARE 

12010 IF SP = SE THEN PRINT 

“STACK OVERFLOW”: 
STOP 


REM (NO 


12020 SP =SP +1 
12030 S(SP) = P 
12040 P = BiI, J) 


12100 P = S(SP) 

12110 SP=SP -1 

12120 RETURN 
Lines 12010 to 12030 and 12100 to 
12110 will be repeated (with a different 
variable each time) in all routines, and 
so we can shorten the above in the long 
term: 

10 DIM S8(100) 

20 SP=0 

30 SE = 100 

35 GOTO 500 

PROGRAM 
40 REM PUSH 
50 IF SP = SE THEN PRINT 
“STACK OVERFLOW”:STOP 

60 SP=SP+1 

70 S(SP) = XX 

80 RETURN 

90 REM PULL 

100 XX = S(SP) 

110 SP=SP-1 

120 RETURN 


REM MAIN 


12000 REM PRINT SQUARE 

12010 XX = P : GOSUB 40 : REM 
PUSH 

11020 P= Bi, J) 


12100 GOSUB 90 : REM PULL 

12110 P= XxX 

12120 RETURN 
XX is a parameter to the push and pull 
routines and obviously shouldn’t be 
used anywhere else. 


Example 


As an example of zoning, the following 
‘library’ routine will print out the value 
of variable A in a format N characters 
wide. For example: 

A=1,N=3:1.0 

A= -—0.01,N =5:-1E-2 

A= 155,N =4:2.E2 
First, the stacks: 

10 DIM S(100), S$(20) 
two of them — one for numeric variables 
and one for strings. Also, two stack 
pointers: 

20SP = 0:P2=0 
and two end-of-stack indicators: 

30 SE = 100: E2=0 
Jump to the main program: 

35 GOTO 500 

Now for the stack handling routines. 
The first two are as before, for the 
numeric variables: 

40 REM PUSH 

50 IF SP = SE THEN PRINT 

“STACK OVERFLOW”:STOP 
60 SP=SP+1 
70 S(SP) = XX > 


105 


80 RETURN 

90 REM PULL 

100 XX = S(SP) 

110 SP=SP-1 

120 RETURN 
then the strings: 

130 REM PUSH STRING 

140 IF P2 = E2 THEN PRINT 
“STRING OVERFLOW”:STOP 
P2=P2+1 
S$(P2) = X$ 
RETURN 
REM PULL STRING 
X$ = S$ (P2) 

200 P2=P2-1 

210 RETURN 

Now for the main program. This one 
is just a test routine: 

500 INPUTA 

510 INPUTN 

520 GOSUB 1000 

530 STOP 

Finally, the formatting routine itself. 
It begins by pushing all of the original 
values of the non-local variables onto 


150 
160 
170 
180 
190 


the stacks: 
1000 REM FORMAT 
1010 XX = SA:GOSUB 40 
1012 XX = SN: GOSUB 40 
1014 XX = E: GOSUB 40 
1016 XX = LL: GOSUB 40 
1018 XX = L: GOSUB 40 
1020 XX = K: GOSUB 40 
1022 XX =I: GOSUB 40 
1024 X$ = A$: GOSUB 130 


1026 X$ = B$: GOSUB 130 

SA and SN are stores for the input 
values of A and N. This is necessary 
because of the iterative nature of the 
routine, as will be explained later: 

1060 SA=A 

1070 SN=N 

E is the ‘rounding’ figure. This is also 
part of the iterative procedure: 

1080 E = 38 

LL is a constant which is used to 
convert natural logs (as found in 
BASIC) to base 10 logs: 

1090 LL = LOG(10) 

Line 1097 is the start of a loop in the 
program, so A and N are re-initialised 
here: 

1097 A=SA 

1098 N=SN 
as are A$ and B$ — A$ holds the 
mantissa of the output while B$ holds 
the exponent: 

1099 A$=“”: BB =“” 

Both are set to the null string. Check to 
see if A is zero. This would upset the 
algorithm and so it is ‘trapped’ here: 

1110 IF A = 0 THEN A$ = “0”: 

GOTO 2040 
Line 2040 is the exit from the routine. 
Now see if a “—” sign is required: 

1120 IF A>0 THEN 1160 

1130 A$ =“~”:A = ABS(A) 

1140 N=N-1 

1150 IF N = 0 THEN 2040 
and if it is, add it — as we have to deal 
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PUSH LOCAL VARIABLE 
VALUES ONTO THE STACKS 


1060-1070 
STORE THE INITIAL VALUES 
OF A ANON 
1080 
SET THE ROUNDING DIGIT'S 
EXPONENT TO 38 
1090 
CALCULATE LOGARITHM 
CONSTANT 


1097-1098 


SET A ANDNTO 
STORED VALUES 
1099 

EMPTY A$ AND BS 


1110 
AS='0' 
Y 
N 
1120 wo 
iu 


1130-1150 M 


1340-1345 


ADD DECIMAL 
POINT 


1350-1360 


AOD NEXT 
DIGIT 
1370 “o 


1380 1380 
DECREMENT R 
TRUNCATION Y Latch 
EXPONENT : 

N 


2042-2046 


MAKE OUTPUT UP TO 
REQUIRED LENGTH 


ADD A MINUS SIGN > 
TOAS.A=ABS(A) [=o 
1160 
ADD THE ROUNDING 
DIGIT 


1165-1170 


FIND THE EXPONENT 
OFA 


1175 
EXPONENT 
=0? 


Y = 

1180 N 
ADJUST A TOLIE 
BETWEEN 1 AND 10 


4190-1195 


ADO E OUTPUT 


TO 
ROO 


1240 


ADD DIGIT TO 
OUTPUT STRING 


1310-1330 


AOD INTEGER PART OF A 
TO OUTPUT STRING 


2048 
OUTPUT 


2050-2220 


RESTORE ORIGINAL VALUE 
OF LOCAL VARIABLES 


Figure 1. A full flowchart for a routine to display the value of variable A in a print field of width N. 


from here on in with a positive number, 
we can ‘forget’ whether A was negative 
or not, as long as we’ve added a “—” sign 
if it was required. N is decremented if 
the “—” character was added and if 


there’s no more room (i.e: if N = 0) we’re 


finished — 2040 is the exit. 

Now for the rounding up (explanation 
later): 

1160 A=A+5/10TE 

Now to find the exponent part of the 
output: 


1165 L = LOG(A)/LL 
sets L to the base 10 log of A. 

1170 L=INT(L) 
makes L the required exponent. 

1175 IF L= 0 THEN 1310 
misses out the exponent output section 
entirely if an exponent is not required. 
‘Forget’ the exponent part of A — we 
have it already in L: 

1180 A=A/10}L 
Start putting the exponent into B$: 

1190 B$=“E”:N=N-1 

1195 IF N = 0 THEN 2040 

Find out whether a “—” sign is needed 
in the exponent and add it if it is: 

1200 IF L> = 0 THEN 1220 

1210 B$ = B$ + “-”:N=N-1:L= 

ABS(L) 

Check to see if there’s room for the 
exponent (if it’s two figures, having 
room for only one could be misleading): 

1220 IF N = 0 OR (L> 9 AND N< 2) 

THEN 2040 

1230 IF L>9 THEN 1260 
jumps if two figures are needed. If only 
one is required, add it: 

1240 B$ = B$ + CHR$ (ASC(“0”) + 

L):N=-1 

The above statement is based on two 
functions — ASC(), which delivers the 
ASCTI value of a character, and CHR$(), 
which delivers the character equivalent 
of an ASCII value. As the ASCII 
numbers are in sequence, starting from 
0, the above statement will add the 
character corresponding to the value of 
L. Now jump the next bit, which is only 
required for two-digit exponents: 


1250 GOTO 1300 
Find the first (most significant) digit: 
1260 K = INT(L/10) 
and the least significant: 
1270 L=L— K*10 
Add the first character: 
1280 B$ = B$ + CHR$(ASC("0”) + 
K):N=N-1 
then jump back to add the next as if it 
were a one-digit exponent: 
1290 GOTO 1240 
After adding the exponent, start on the 
mantissa (A should be between 1 and 10 
by now): 
1300 IF N = 0 THEN 2040 
1310 K = INT(A):A=A-K:A= 
A*10 
strips the most significant digit from A 
and puts it between 0 and 10. 
1320 A$ = A$ + CHR$(ASC(“0”) + 
K):N=N-1 
1330 IF N = 0 THEN 2040 
Now add the decimal point: 
1340 A$ = A$+".”":N=N-1 
1345 IF N = 0 THEN 2040 
Add the subsequent digits: 
1850 K = INT(A):A=A-K:A= 
A*10 
1360 A$ = A$ + CHR$(ASC(“0”) + 
K):N=N-1 
1370 IF N>O THEN 1350 


Once it’s got through that, N must be 
zero and A must be the value of the next 
figure — the one which is ‘truncated’ 
(Lit. ‘cut off). Let’s say that A on entry 
to the routine was 1.46 and that all we 
had room for was 1.4. It would be nice to 
display 1.5 instead, which would be 
closer to the truth. So if A at this stage is 
greater than 5, it means that the 
number needs ‘rounding up’. We can’t 
just change the last digit of the output — 
say it was 9.999 and we only had 4 
spaces for it (one for the decimal point, 
remember); if we put 4 digits in we get 
9.99 —. we find that the truncated part is 
a 9 and so we change the last digit — we 
get 9.90. This is obviously not correct. 
Even if we change ail the digits, we get 
10.00 — this is now 5 characters long! 

No, by far the simplest (although 
certainly not the quickest) approach is 
to start again. How do we deal with the 
rounding up, though? We add a 5 in the 
truncated position. In this way, if the 
number in this position is 5 or over, it 
will overflow into the higher digits. 
Wait a minute, though, we don’t know 
which will be the truncated digit until 
we try it. What we have to do is to start 
with it at the extreme right-hand end of 
the number (i.e: at 5E-38 —- the 
smallest number in many BASICs) and, 
if the truncated digit is over 5, to move it 
up until it makes the truncated part 
overflow. This is what lines 1080 and 
1160 are for. Find out if iteration is 
required: 

1380 IF A>=5 THENE=E-1: 

GOTO 1097 

Now print the result. 

2040 A$ = A$ + BS 
Make up the length to that required: 

2042 IF LEN(A$) = SN THEN 2048 

2046 FOR I = 1 TO SN — LN(A$): 

A$=A$+"” 

2047 NEXTI 

2048 PRINT A$; 
Now set all the local variables back to 
their original values in the reverse 


order: 
2050 GOSUB 180 
2060 B$ = X$ 
2070 GOSUB 180 


And that’s it! e 


TRUSCOTT 
ELECTRONICS 


00 YOU eis IN... 
awoo 

ali LILYDALE 

BORONIA 
WANTIRNA 

BAYSWATER 
CROYDON 

MOOREBANK 


gees 
We carry a comprehensive 
range of electronic 
components at very keen 
prices. 


lan J. TRUSCOTT 
ELECTRONICS 


CNR EASTFIELD 
& BAYSWATER ROADS. 
SOUTH CROYDON, VIC. 
TELEPHONE (03) 723 3860 


disease. 


@ National Heart Foundation. 


107 


ADVANCED BASIC 


Part 4 


Interpreters, compilers and assemblers 


Phil Cohen 


Phil Cohen has already examined ‘Sorting’, ‘Chaining’ and 
“Top-down programming’. The subject of this article is 
‘Interpreters, compilers and assemblers’. 


A FEW MONTHS ago I attended a 
meeting of an amateur computer society 
(which shall remain nameless) and 
heard the speaker (who shall also 
remain nameless) asked the question, 
“What’s the difference between an 
interpreter and a compiler?”. He 
thought for a few moments and then 
said, “Well, a compiler is non- 
interactive, isn’t it?” (i.e: you can’t enter 
data while the program is running). 

This is of course totally wrong. The 
reason why it’s wrong is, however, 
interesting. Compilers just aren’t found 
in home systems yet. The reason for this 
is that they tend to need more RAM and 
are more difficult to design than in- 
terpreters. Thus they are usually found 
in mainframe systems only. Why, if 
they’re so much trouble, should pro- 
fessional programmers use them? The 
answer is that they are extremely 
powerful — their advantages are well 
worth the extra RAM. 

In order to describe what exactly a 
compiler (and, while we're at it, an 
assembler) is, we have to define a few 
terms: 

SOURCE CODE: The program in 
BASIC (or whatever) as it is typed in, 
spaces and all. 

OP CODES: Or ‘operator codes’ — a 
set of numbers (usually one byte each) 
which represent BASIC keywords. In 
the Commodore PET, the source code is 
translated into op codes as it is fed in 
(try putting graphics characters in a 
REM statement). 
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MACHINE CODE: Well, anyone who 
started reading this article should know 
what this is, but just in case — it’s a set 
of numbers, each of which represents an 
instruction to the processor itself. 

ASSEMBLY CODE: A set of mne- 
monics (usually three or four characters 
each) which are easier to remember 
than machine code, but mean the same 
— there is a ‘one-to-one correspondence’ 
between machine code and assembly 
code. 

INTERMEDIATE CODE: Or, in the 
case of PASCAL, ‘P-code’. This is a set 
of instructions to an imaginary pro- 
cessor. This is more useful than it 
sounds, as will be explained later. 

INTERPRETER: A program which 
pretends to be a processor which will 
accept source code or op codes as 
instructions. 

ASSEMBLER: A_ program which 
translates assembly code into machine 


e. 

COMPILER: A program which trans- 
lates source code into machine code. 
Some compilers translate source code 
into intermediate code, which is then 
run on an interpreter which pretends to 
be the intermediate code’s processor. 
This is a compromise between a com- 
piler and an interpreter. 

EDITOR: A program which allows 
source code or assembly code to be input, 
changed, listed and generally messed 
about. 

ASSEMBLER/EDITOR: A_ package 
containing one of each. 


Assemblers 

What is required of an assembler? 
While on the one hand some very 
primitive ones just take in one assembly 
code mnemonic at a time and output one 
(or more) bytes of machine code, most 
assemblers do a lot more. Let’s take the 
example of the following program 
segment: 


ADDRESS 

1 LDA 8 
3 DEC 

4 JNZ3 


The address is the position in RAM of 
the first byte of each instruction. LDA 
causes the next byte of code to be loaded 
into the accumulator. As the assembler 
knows that this is a two-byte instruc- 
tion, it will look for a parameter for LDA 
— in this case 8. DEC decrements the 
accumulator. JNZ jumps to byte 3 if the 
accumulator is not zero. Fine. What if 
we want to change it to: 

IN 1 

INC 

JNZ 

DEC 
In other words, input the accumulator 
value from port 1, add 1 to it, then loop 
as before. 

How do we know the parameter to use 
for JNZ? — in a long program we won't 
know the address of DEC until it is 
assembled. We can get the assembler to 
save us the trouble of sorting this out by 
hand by adding a ‘label’ facility: 

IN 1 


INC 


| was a 4K weakling 
till | took Dr Digital's 
64K dynamic RAM course ! 


A: DEC 
JNZA 
The assembler will remember the 
address of point A-and use it as the 
parameter of JNZ. 
What if we want to write: 
IN 1 
INC 
A: JNZB 
DEC 
JMPA 
B: RTS 
One of the labels points further down 
the program. At point A the assembler 
won’t know what the address of point B 
is. A decent assembler will solve this by 
using a ‘multi-pass’ technique. That is, 
it will go through the program more 
than once. The first time it will find the 
addresses of all the labels and the 
second time it will actually produce the 
machine code. Between passes it will 
store the label values in a ‘symbol table’, 
which will hold the label names and 
values. This table is very useful for de- 
bugging and may be printed out. 
Another facility is the use of variable 
names. These will refer to areas of RAM 
which can be referred to by name rather 
than by location. These too will go into 
the symbol table. 
Other facilities may include comment 
statements (like REMs) and other de- 
bugging aids. 
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Compilers 

In many ways compilers are very much 
like assemblers — the major difference 
being the source code. Compilers also 
produce symbol tables. 

Trying to design a compiler is 
probably the best way to get to know 
how they work. There are a lot of 
problems which only appear while 
actually trying to design one. In an 
earlier article I said that entire books 
had been written about sorting algo- 
rithms. Well, libraries have been 
written about compilers! 

The power ofa compiler, as opposed to 
an interpreter, is due to three things: 

a) The compiler checks every line of a 

program as it compiles it — there’s no 

chance of a syntax error appearing 
while the program is running. 

b) The machine code output runs 

about ten times faster than an 

interpreter. 

c) It is easier to provide a ‘structure’ to 

the language — some compiled 

languages (e.g: ALGOL 68) do not 
need GOTO-like statements because 
the language is constructed to make it 

possible to do almost anything in a 

loop structure. For example, the 

BASIC statements: 

10 FORI=1TO10 
20 IF A(I) = B THEN 40 
30 NEXT I 


could be done in an ALGOL-like 

language simply as: 

10 FORI TO 10 WHILE A(I)» BDO 
20 NEXT I 

I personally think that the sooner 
small compilers become available the 
better, especially for highly structured 
languages such as PASCAL or PL/I. 
Writing in BASIC implies the use of 
GOTO statements; some people would 
hold that this leads inevitably to 
‘bad habits’ in program writing. Cer- 
tainly, having programmed in both 
ALGOL and BASIC, I very much prefer 
the former. The recent rises in personal 
computing power should mean that 
structured-language compilers will 
soon be available — I only hope that 
BASIC is not too firmly embedded in the 
market to be removed quickly and 
painlessly. 

The following program could form 
part of an interpreter or compiler. 
Basically what it does is to sort out 
bracketed statements in terms of pre- 
cedence of execution. The program is 
‘re-entrant’. This means that it uses 
itself as a subroutine. Say we have a 
program segment to strip leading 
spaces off a string. One way to structure 
it would be: 

10 REM REMOVE SPACES 

20 A$ = RIGHT$ (A$, LEN(A$) — 1) 

30 IF LEFT$(A$, 1) = “ ” THEND> 
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GOSUB 10 
40 RETURN 


Line 30 causes the routine to be re- 
entered unless there are no spaces left. 
While the above task could be done 
using a simple loop, the task of analys- 
ing a bracketed expression is such that 
intermediate results have to be stored in 
a particular order. The easiest way of 
doing this is to use a re-entrancy with a 
stack structure to hold the intermediate 
results. As the RETURN address of 
each GOSUB in a program is held in a 
stack also, there will be a corre- 
spondence between the two. The easiest 
way to understand this is to follow the 
program’s action. 

Given an input of, say, A(B)C, it will 
output the lowest priority part of the 
expression first and remove it from the 
input string. It will then re-enter with 
the remaining string: 

input: A(B)C 

output: CAB 


input: A((B)C(D(E))) 

output: ACBDE 
First, the main program: 

100 DIM S$(30) 
S$ is the stack. 

110 SB = 0: SE = 30 
SB marks the top of the stack, SE is the 
maximum stack height. 

120 INPUT I$ 
I$ is the expression to be analysed. 

130 GOSUB 1000 : REM ANALYSE 

140 GOTO 120 
Now for the analysis routine. 

1000 REM ANALYSE 

1010 IF I$ = “” THEN RETURN 
checks for null input string — finished. 

1030 J =0 
J is the current bracket depth. 

1035 I = LEN(I$) + 1 

1040I=I-1 
This is part of a loop in which I goes from 
LEN(I$) to 1. This form (initialising I to 
the value above its starting value) 
allows the decrement of I to be at the 
start of the loop. 

1045 IF I< 1THEN 1080 
end of loop check. 

1047 IF J<O THEN STOP 
negative J means too many “("s — an 
error. 

1050 T$ = MID$ (I$, I, 1) 
T$ is a temporary store to speed the 
program up — saves working out 
MID$() every time. 

1055 IF T$ = “)” THEN J =J+1: 

GOTO 1040 


1056 IF T$ = “(” THEN J = J - 1: 
GOTO 1040 
adjust J to be equal to the bracket depth. 
If T$ gets past 1055 and 1056 it must be 
a character for output — but only if it’s 
outside the outer set of brackets. 
1057 IF Jo0 THEN 1040 
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1080 
1=0:J=0 


Figure 1. Flowchart for a ‘synthetic analyser’ — a program to deal with bracketed expressions for a 
compiler. The input string is I$. 


Okay, T$ must be valid output if it gets 
to here. 
1060 PRINT te ms T$; eo 
The “—”s are to show T$ clearly even if 
it’s a space. Now we have to remove T$ 
from I$: 
1061 IF LEN(I$)=1 THEN I$= 
“*:GOTO 1070 
1062 IF I=1 THEN I$=RIGHT$ 
(I$, LEN(I$)—1):GOTO 1070 
1063 IF I=LEN(I$) THEN 


I$=LEFT$ (1$, LEN(I$)— 1): 
GOTO 1070 
1065 I$ = LEFT$(I$, I-1) + 
RIGHTS(I$ LEN(I$) — 1) 
Lines 1061, 1062 and 1063 are 
necessary because some forms of BASIC 
(including, unfortunately, the one I’m 
working in) won't accept LEFT$(I$,0) or 
RIGHTS(I$,0). 
1070 GOTO 1000 
deals with the next character. Line 1045 


(the end of the loop) points to: 
1080 I=0:J=0 
I again points to a specific character in 


the string and J is again the bracket | 


depth. This part of the program splits 


the string into a complete bracket pair | 


and another part. It re-enters with both 
of them. 

1090 I=I+1 

1100 IF I> LEN(U$) THEN STOP 
Line 1100 stops the program if a string 
which got to line 1080 didn’t have a 
bracket pair in it. 


1105 T$ = MID§$(§, I, 1) 

1107 IF T$ = “(? THEN J = J +1: 
GOTO 1090 

1110 IF T$=“)” THEN J =J-—1:IF 


J=0 THEN 1120 
if I points to the end of a bracketed 
expression, go to line 1120, otherwise: 
1115 GOTO 1090 
to try the next character. 
1120 SB =SB+1 
1130 IF SB» SE THEN STOP 
increments the stack pointer and checks 
for stack overflow. 
1135 IF I = LEN(I$) THEN S$(SB) = 
“”:GOTO 1145 
1140 S$ (SB) = RIGHT$(I$, LEN(I$) 
-ID 
1145 I$ = LEFT$($, I) 
splits I$ at character I. The value of I 
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marks the end of a complete bracket 
pair. Line 1135 serves the same purpose 
as line 1061 to 1063. 

1150 I$ = MID$(I$, 2, LEN(I$) — 2) 
removes the outer two characters 
(which should be “(” and “)” ). 

1160 GOSUB 1000 
re-enters. This will (eventually) reduce 
I$ to“”. 

1170 I$ = S$(SB) 


f So much for your 
Ny etl magical computer! 


1180 SB=SB-1 
takes the rest of I$ back off the stack. 
1190 GOSUB 1000 
re-enters with it. 
1200 RETURN 
finished. Jumps back to wherever it was 
called from, be it within the subroutine 
or (when finished) from line 140. @ 
(This article concludes Phil Cohen’s 
‘Advanced Basic’ series.) 
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The Micro-Professor is a Z80 based microcomputer. 
A complete hardware and software system with 


extensive teaching manual, 
matics and examples of program code. It 


giving detailed sche- 
has 


standard 2K bytes ROM and RAM, both expandable. 
Built-in speaker, cassette interface and sockets to 
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OPTIONS: 


e@ EPB—MPF, EPROM Programming Board with 
Read, Copy, List and Verify capability. 

e SSB-MPF, Speech Synthesizer Board, based on 
TMS 5200, with vocabulary of up to 400 words. 

@ PRT-MPF, Thermal Printer. 


MICRO-PROFESSOR 
(MPF-IB incl. BASIC INTERPRETER) 


B 


<7 


31. David Reid Electronics 29 6601. Pre Pack Electronics 569 


for only $115 + S.T. 


Write or phone for further details! 


EMONA ENTERPRISES 


PTY LTD 


CBC Bank Blidg., 661 George St., 
Haymarket, Sydney. (02) 212 4815 


Martin de Launay (Wollongong) 28 6020. (New 
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Programming the ’660 


in colour 


Our learners’ microcomputer (ETI-660) was originally 
published in Electronics Today International over a series 
of months in 1981 then reprinted in Computers and 
Computing — Yearbook 1982. For constructors (or 
about-to-be constructors), here’s how to put colour on 
your TV screen! 


NO DOUBT, having got your ’660 0 
going, you've been hankering to try it 
out in lurid colour! Sorry to keep you 
waiting, but you'll find it has been 
worthwhile. First of all, though, you’re 
going to have to do a minor modifica- 
tion, as detailed in the accompanying 
panel. The modification permits colour- 
ing all the available blocks on screen, 
not every other one — something we 
didn’t know originally, despite the fact 
we had a demo program tape. Well, no- 
body’s perfect! OK — on with it! 


How it Works 

IC16 is the colour RAM — it stores in- 
formation about the colour of the various 
parts of the screen. Each location in 
IC16 contains three bits. These three 
bits give one of eight colours for the 
screen area. A screen area is eight 
‘pixels’ wide and two high, a pixel being 
the smallest part of the screen that you 
can turn on. The display on the screen 


17 (HEX) 


contains 3072 pixels in total; if you turn 
the whole screen display on, all 3072 
pixels are used. 

The screen colour, then, can be set ina 
matrix eight wide by 24 high — this is 
the number of ‘areas’ on the screen. 

When the 1864 (IC4) asks the pro- 
cessor to send it the screen RAM infor- 
mation, the processor will step through 


the screen memory one byte at a time, 
and the information will go via the data 
buss into the 1864. As this is happening, 
the address information is also being fed 
to IC16, and it will respond by putting 
its three bits of colour information out at 
pins 12, 14 and 16. 

These will reach the colour input pins 
of the 1864, and cause it to set the colour 


A SMALL MODIFICATION 


Take your naked '660 pc board (i.e: with the case stripped off). Modestly 
position the board so that the keyboard faces away from you. Now turn the 
board over. On your right, at the bottom edge of the board, you should spy 
‘ETI 660’. Now you're ready to do the deed. Just above the ETI 660 marking 
you'll find the pins for IC16. Identify pin 21. A track runs from pin 21, 
between pins 3 and 4, to a feedthrough link pad between IC 16 and IC 10. Cut 
the track as indicated on the diagram here. Remove the copper for about 2 
mm; a Stanley knife is good for this job. Don't use a drill to cut the track — you 
may cause damage on the top side of the board. 

Now cut a length of insulated hookup wire about 45 mm long, and bare and 
tin both ends. Using this, join pin 21 of IC16 and the pad shown in the 
diagram here. 

To check that you've done it properly, identify the corresponding pad on 
the top side of the board. It should be marked ‘8’. Now you can put the 660 
back together and get on with your colour programming. 
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of the various parts of the screen. 

The software given here will allow 
you to write your own colour programs 
in CHIP-8, without having to worry 
about quite how the machine code part 
of the system works. However, when 
you graduate to writing programs in 
machine code, you will need to know 
how the colour is set. 


ETI 
660 } | 
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This is how it’s done: the byte that 
holds the colour information in its lower 
three bits is written into the screen 
memory at the position required. As the 
1802 is a static processor, the address 
and data information will remain there 
after this has been done. Immediately 
after this memory transfer, execute an 
‘OUT 3’ instruction. This will cause the 
1864 to pulse the R/W pin of IC16, clock- 
ing the information in. 

In fact, the above procedure will write 
into the screen RAM as well — there’s 
no need to do that too. 

The screen RAM will notice if bit 9 of 
the address is set, and if it is, will not 
respond. However, IC16 is not connected 
to bit 9, and so the routine becomes as 
follows: 

a. Decide on the colour and set the lower 
three bits of a byte accordingly. 

b. Decide on the screen position and 
translate that into an address. Now 
set bit 9 of the address. 

c. Put the colour bit into memory at the 
address (an STR instruction will do 
this). 

d. Execute an OUT 3. 

Happy colouring! 


Colour routines 

I’ve put all the colour software up into 
the ‘top’ of memory — that is, [ve 
arranged it so that it finishes just on 
location 07FF, which is the last one. 
This leaves the maximum amount of 
room for the main program. 


The first routine, which is entered by 
inserting an 07C1 into the CHIP-8 pro- 
gram, turns on the colour facility. 


This routine is fairly self-explanatory 
for those who understand machine code 
— and for the rest, well, you’ll just have 
to wait until we explain the 1802 
machine statements! — 


The next routine alters the back- 
ground colour; it’s called by an 07A2 in 
the CHIP-8 program. When you first 
turn the machine on, the background 
colour will be blue. If you then call the 
routine at location 07A2, the back- 
ground will change to black. The next 
call of the routine will set it to green, 
and the next to red. A further call will 
set it to blue again. 


So, by the number of calls that you 
have at the start of your main program, 
you can choose the background colour 
you want. NOTE: In order to use this 
routine, you do not have to run the one 
that enables the colour. 


The last routine is a CHIP-8 one, 
which in turn calls a machine code 


COLOUR ROUTINES 


There are three routines here, all jammed together 
at the top of memory to allow the maximum amount 
of room for the rest of the program. The first is a 
machine code routine which enables the colour 
facility, and it is called from the main program by 
an 07C1 CHIP-8 instruction — i.e. ‘run a machine 
code routine at location 07C1'. The next routine 
alters the colour of the background in the se- 
quence ‘blue, black, green, red, blue ...'. Each 
time the routine is called, the background colour 
will advance one — it starts with blue, and so after 
the first call of the routine the colour will be black, 
and so on. This routine is called from CHIP-8 by an 
‘07A2’ instruction. The third routine allows you to 
alter the colour of a two-byte area of the screen. 
Set VE to the horizontal co-ordinate (from 0 to 7), 
VF to the vertical co-ordinate (from 0 to 17 hex), 
and VD to the colour, according to this table: 


black 
red 

blue 
violet 
green 
yellow 
pale blue 
white 


NO Oa QD = Oo 


The routine is called from CHIP-8 by a ‘27AB’ 
instruction — that is, ‘call the CHIP-8 subroutine at 
location 07AB’. Locations 07A5 to 07AA are re- 
served for use by these routines. Before you use 
any of these routines, make sure that you modify 
the hardware as described in the article. 


O7A5 TO O7AA RESERVED 


O7AB I=07A5 ATA5 
M(I)=VO:V2 F255 
VO=VD 80D0 


V1=VE 
V2=VF 
I=07A8 
M(I)=VO: V2 
I=07A5 

VO: V2=M(T) 
CALL O7D1 
RETURN 


07C1 


Sa HOW rOIAU EW 


YIOCAWDPOBIAUUN BM OHO DOOIAUEN = Sy YOO DIAL 


\o 


YVAININYNO y,yARww 
co) Q 


COMPUTING TODAY 


113 


SS ass SSS SS 


routine. In order to use this routine, first 
set VE to the position across the screen 
whose colour you want to set (left hand 
side of the screen = 0, right hand side = 
7). 

Then set VF to the position down the 
screen (top of the screen =0, bottom = 
17 hex). 

Now set VD to the colour you want 
(according to the table given next to the 
program) and you're set. 

Then all you have to do is put in a 
27AB instruction, which will send the 
program to the CHIP-8 subroutine at 
O7AB. The first thing this does is to save 
in memory the contents of VO through 
V2 (these variables are used by the 
routine). Then it puts the values of VD, 
VE and VF into memory in the area 
07A8 to O7AA. Finally it restores the 
old values of VO through V2 (so that 
these are not altered by the routine). It 
then calls the machine code routine at 
07D1 and returns to the main program. 

Again, I won't go into the complex- 
ities of the machine code routine at this 
stage — but those of you who have 
access to a book or two on the subject 
may like to work vour way through it. 


Those of you who don’t know about 
machine code — well, just enter it in the 
same way as a CHIP-8 program (the 
only difference is that a line of machine 
code program sometimes has one byte in 
it and sometimes two — but if you start 
at the correct address and just keep 


COLOUR TEST PROGRAM 


This little program will allow you to test the colour 
routines that you have just loaded. First load the 
colour routines (locations 07A2 to 07FF), then 
record them, then play them back into the machine, 
then load and run this program. 
The program will first call the colour-enabling 
routine, then fill the screen, then wait for input. 
Put in three digits, the first being the horizontal 
co-ordinate, the second the vertical co-ordinate 
and the third the colour. You should see the area 
that you specified change colour, and the back- 
ground will change colour too. The program will 
then wait for the next three digits. 
NOTES: The screen will come up first of all with a 
random colour setting — this is normal. Because 
you can only enter a single digit for the vertical 
co-ordinate, you will only be able to access the top 
two thirds of the screen. 
0600 CALL 07C1 
VO=FF 
v1=00 
I=0700 
M(I)=VO: Vo 
VO=00 
I=0700 
SHOW 1 AT VO, V1 
VO=V0+08 
SKIP IF vo=40 
GOTO O60F 
vo=00 
Vt=V1401 
SKIP IF V1=37 
GOTO O60F 
VE=K EY 
VF=KEY 
VD=K EY 
OG OTA 
CALL O7A2 
GOT 0616 


o7C1 
60FF 
6100 
A700 
FO55 
6000 
A700 
pow 
7008 
3040 
160E 
6000 
7101 
3137 
160E 
FEOA 
FFOA 
FDOA 
27An 
OTA2 
161E 
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going, you should be right). 


Colour test program 


So that you can test out your routines 
properly, I’ve included a short program 
that ‘exercises’ all the software in the 
colour routines. 

The first thing it does (statement 
0600) is to call the routine that turns on 
the colour. Then (statements 0602 to 8) 
it sets location 0700 to FF (I could just 
have told you to do this, but it isa useful 
example of how to do it from inside a 
program). The next part of the program 
writes the contents of location 0700 
(which is why we set it) to every location 
on the screen. It does this by means of 
two loops — one inside the other (this is 
called a pair of ‘nested loops’). At the 
middle of the loops (which cause V0 to 
go from 0 to 7 and V1 to go from 0 to 36) 
is statement 060E, which actually puts 
the FF onto the screen. So by the time 
we reach 061E, the screen should all be 
on. 

This is necessary for what we are 
about to do because if the screen is off, it 
will show the background colour (which 
at present is blue), so in order to see. 
what effect we’re having on the screen 
colour, we have to turn it all on. 
Normally, only the area of screen that 
was going to be used to display some- 
thing would be set to a particular colour 
— but this way, we can see the colour of 
all of the parts of the screen. 


REACTION TIMER 
— COLOUR PATCHES 


These two patches will convert the reaction timer 
to colour operation (you will need to load the re- 
action timer program, the two-digit print routine 
and the colour software, and then include the fol- 
lowing changes and additions). 

These will cause the ‘! to appear red on a black 
background, and then the reaction time result to 
appear either red (if it's over 220 milliseconds) or 
green (if it's under). You may need to turn the 
brightness of your set up a bit for best results. 


CHANGE A6DO TO 
GOTO 0650 

CHANGE 6A64 TO 
GOTO 0670 


0600 
1650 
0628 
1670 
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CALL 07C1 
CALL O7A2 
VE=00 
VF=OA 
VbD=01 

DO O7AB 
VF=0B 

DO O7AB 
VF=0C 

DO O7AB 
I=06D0 
GOTO 0602 
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Anyway, we’ve reached 061E, and the 
next thing that we do is to get. from the 
keyboard the co-ordinates of the area 
whose colour we want to change, and 
then the colour that we want to set it to. 
Statement 0624 then sends the machine 
to the colour-changing routine. The 
next statement (0626) changes the 
background colour as well, just for good 
measure. Type in the colour routines, 
and then the test program. Then record 
what you have in memory onto tape. 

Now set the program going. The 
screen background colour should be 
blue, and the middle part of the screen 
should start to go black from the top 
downwards. In fact, not all of it will be 
black — as the colour RAM has not been 
altered since you turned the machine 
on, the colour at the various points of the 
screen will be random. But most of it 
should be black. 

F Now press the following key sequence: 

, 0, 1. 

Two things should happen simultan- 
eously when you press the third key — 
the surrounds of the screen should go 
black, and the block in the top left hand 
corner should go red (if it wasn’t red 
already). 

Now do: 0, 1, 1. The screen colour 
should change again, and the next block 
down should go red. 

If the two red blocks are not next to 
each other (i.e: touching), then re-check 
the hardware modification described in 
this article. 


9° 
fons 
~ 
° 


VE=V3 

V1l=VD 

Vp=04 

VA=18 
VE=VE-VA 

SKIP IF VF=00 
VD=01 

VE=02 

VF=0A 

DO O7AB 
VE=VE+01 

SKIP IF VE=05 
GOTO 0682 
VE=02 
VF=VF+01 

SKIP IF VF=0D 
GOTO 0682 
VA=64 

VD=V1 

GOTO 062A 
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“We gratefully acknowledge the 
assistance of Philips Consumer Elec- 
tronics Division for the loan of a 
Philips portable colour television 
set which was used to prepare these 
articles and to check programs.” 


Reaction Timer — colour 

The reaction timer program published 
in this issue can be altered to make use 
of the colour facility. 

This is done by a method known as 
‘patching’. This is the software equiva- 
lent of building a circuit using string 
and glue. It’s not recommended for 
doing alterations to your own programs 
— and I’ve only used it here for sim- 
plicity. 

What happens is that at a particular 
part of the program you insert a GOTO 
statement which sends the program to 
another part of memory. In this part of 
the memory is a routine that you wanted 
to insert into the program. You do the 
routine, and then GOTO back to the 
statement after the one you jumped 
from. 

All this is done in an effort to avoid 
having to remember the whole program 
(or in this case, to avoid the tedium of 
having to re-enter the whole thing). 

The first patch (which goes into the 
main program at 0600) turns on the col- 
our (statement 0650), and then changes 
the background colour (0652) to black. 

The next few lines change the colour 
of the part of the screen which will hold 
the ‘!’ to red. 

Notice that the screen will stay black 
at this area until we actually write 


something there. 

The patch then does what the original 
statement 0600 did (statement 0664) 
and then jumps back to the statement 
after the altered one. 

The next patch is more complex. 
What it does is to set the area which will 
hold the results to either green or red, 
depending on the results — so if your 
reaction time is OK, you get a green 
display, but if it’s not, you get red. 

The first statement copies the value of 
V3. This holds, at the point of the pro- 
gram we're coming from, the number of 
hundredths of a second of the reaction 
time. The next statement copies the 
value of VD. Since the colour routine 
uses VD, we have to store it at the start 
of this patch and then reset it at the end 
(statement 0694). 

Statement 0674 sets VD (which is the 
colour variable) to 04 — green. VA is set 
to 18 hex, which is 24 in decimal. 

The next couple of statements check 
to see whether the time is less than 24 
hundredths of a second. Statement 0678 
subtracts 24 decimal from the number 
in VE. If the answer is zero or less, VF 
will be set to 01, otherwise it will be set 
to 00. 

So by looking at the value in VF at 
statement 067A, we can tell whether 
the result of the subtraction at state- 
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ment 0678 was above or below zero 
— and if you think about it, this will tell 
us whether the value in VE was above 
or below 18 hex. 

If the value in VE was below 18 hex, 
this means that the reaction time is OK 
— VF will be set to 00 at statement 
0678, and statement 067A will cause 
the machine to skip statement 067C. If 
this happens, VD will remain at 04 
— green. If the value in VE was higher 
than 18 hex, however, statement 067A 
will have no effect, and statement 067C 
will set VD to 01 — red. So by the time 
we reach 067E, VD will be either red or 
green, depending on the reaction time. 

The next few statements (067E to 
0690) simply use this value of VD to set 
the area of the screen which will show 
the reaction time display. Two loops are 
used, with VE (the horizontal value) go- 
ing from 02 to 04, and VF (the vertical 
value) going from 0A to OC. It will be 
instructive for you to follow these state- 
ments through for yourself. 

The next two statements — 0692 and 
0694 — set VA and VD to the values 
that they will need back in the main 
program. Notice that we have to set VA 
because the statement that we replaced 
(0628) to put in the patch did this orig- 
inally. Finally, we jump back into the 
main program at 062A. e 
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Play ‘Mastermind’ with your ’660 
Learners’ Microcomputer 


This is a game similar to the ‘Mastermind’ pegboard game where you have to guess the 
order of four hidden coloured pegs, only in this case you guess a three-digit number. The 
computer will compare your guess with the secret number. If a digit is the correct one in the 
correct place, you score two (2) points. Correct digits in the wrong order score one (1) point 
each. You’ve got the number correct if you score six (6) points. Hold challenges to see who 
can guess the number in the fewest turns. 


** USE KEYS 0-9 TO ENTER YOUR GUESS ** 


MASTERMIND 
0600 6£ 00 VE=00 0656 16 5C GO TO 065C 
0602 A7 FO 1=07F0 0658 74 FF V4+FF 
0604 26 AO DO O6A0 065A 16 36 GO TO 0636 
0606 26 AO DO O6A0 065C 65 08 V5=08 
0608 26 AQ DO 06A0 O65E 26 D0 DO 06D0 
060A 65 00 V5=00 0660 65 34 V5=34 
060C 60 00 Vv0=00 0662 26 D0 DO 06D0 
Q060E 61 00 V1=00 0664 7E 01 VE+01 
0610 62 00 v2=00 0666 65 34 V5=34 
0612 F255 MI=VO:Vv2 0668 26 DO DO 06D0 
0614 26 AE DO O6AE 066A 4D 06 SKF VD#06 
0616 65 34 V5=34 066C 16 88 GO TO 0688 
0618 26 DO DO 06D0 O66E 46 63 SKF VE#63 
061A A7 F6 I=07F6 0670 16 82 GO TO 0682 
061C 26 £2 DO 06E2 0672 61 CO Vvi=CO 
O61E 26 E2 DO O6E2 0674 +‘Fl 15 TIME=V1 
0620 26 £2 DO 06E2 0676 Fl 07 VI1=TIME 
0622 65 00 V5=00 0678 31 00 SKF V1=00 
0624 26 AE DO O6AE 067A 1676 GO TO 0676 
0626 A7 F6 I=07F6 067C 65 08 V5=08 
0628 F2 65 VO:V2=MI 067E 26 DO DO 06D0 
062A A7 F3_ 1=07F3 0680 16 1A GO TO 061A 
062C F2 55 MI=VO:V2 0682 A7 FO 1=07F0 
062E 65 00 V5=00 0684 65 2C V5=2C 
0630 26 AE DO O6AE 0686 26 AE DO O6AE 
0632 6402 V4=02 0688 61 08 V1=08 
0634 6D 00 VD=00 068A 60 02 Vv0=02 
0636 A7 F3_ 1=07F3 068C FO 18 TONE=VO 
0638 26 F4 DO O6F4 O68E 6F 10 VF=10 
063A A7 F3  I=07F3 0690 71 FF VI1+FF 
063C F255 MI=VO:V2 0692 FF 15 TIME=VF 
063E 85 00 V5=V0 0694 FF 07 VF=TIME 
0640 A7 FO I=07F0 0696 3F 00 SKF VF=00 
0642 26 F4 DO O6F4 0698 16 94 GO TO 0694 
0644 A7 FO 1=07F0 069A 3100 SKF V1=00 
0646 F2 55 MI=VO:V2 069C 16 8A GO TO 068A 
0648 95 00 SKF V5#V0 069E 16 9E GO TO 069E 
064A 17 00 GO TO 0700 O6A0 6409 V4=09 
064C 95 10 SKF V5#V1 O06A2 CO OF VO=RND 
064E 16 52 GO TO 0652 06A4 8405 V4=V4-v0 
0650 95 20 SKF V54V2 06A6. 4F 00 SKF VF#400 
0652 7001 VD+0l1 O06A8 16 AO GO TO 06A0 
0654 44 00 SKF V4#00 O6AA FO 55 MI=VO:VO 
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O6AC 
O6AE 
06B0 
06B2 
06B4 
0686 
06B8 
O6BA 
06BC 
O6BE 
06C0 
06C2 
06C4 
06C6 
06C8 
O6CA 
06CC 
O6CE 
06D0 
0602 
06D4 
0606 
06D8 
O6DA 
06DC 
O6DE 
06E0 
06E2 
06E4 
06E6 
06E8 
O6EA 
O6EC 
O6EE 
06FO 
06F2 
06F4 
06F6 
06F8 
O6FA 
O6FC 
O6FE 
0700 
0702 


RET 

V6=00 

SKF V5=00 
GO TO 06C6 
1=07F3 
VO:V2=MI 
I=DSP,VO 
DO O6CA 
I=DSP,V1 
DO O6CA 
I=DSP ,V2 
DO O6CA 
RET 

I=07F0 

GO TO 0686 
SHOW 5MI@V5V6 
V5+08 

RET 

V6=18 

SKF V5=08 
GO TO O6DA 
I=DSP ,VD 
GO TO O6CA 
1=07F6 
MI=VE(3DD) 
VO: V2=MI 
GO TO O6BC 
VO=KEY 

SKF VO40F 
GO TO 0682 
v1=09 
V1=V1-VO 
SKF VF#00 
GO TO O6E2 
MI=VO:VO 
RET 

VO: V2=MI 
V3=V0 
vO=V1 
vl=V2 
V2=V3 

RET 

VD+02 

GO TO 0654 


’660 Software 


VIDEO DRAWING 


This program comes from Frank Rees of Boort 
in Victoria, and is great for investigating 
graphic patterns on your screen. It's also 
handy as a ‘video billboard’ — and we'll leave 
the use of that to your imagination! The orig- 
inal version of this program was by Udo 
Pernisz, written for the 1802, but with a dif- 
ferent monitor. The two diagrams show which 
keys do what on the keyboard — both for the 
‘standard’ ‘660 keyboard and common hex 


keyboards. 


You can draw white over the background 
(‘normal’), or by pressing key ‘F’, you can draw 
in ‘reverse’. There are 3072 pixels available on 
the whole screen, both in normal and reverse 
drawing modes. You have 64 pixels across 
and 48 pixels down. You can design shapes on 
a piece of squared graph paper ruled accord- 
ingly and then step your cursor (not drawing) 
around the screen to commence drawing, 
counting pixel moves as you go. it’s easier 
doing it than writing about it! Don’t try to draw 


too fast as the processor has to have time to 
scan the keyboard and it’s possible for key 


presses to be missed. 


“We gratefully acknowledge the assistance 
of Philips Consumer Electronics Division 
for the loan of a Philips portable colour 
television set which was used to prepare 
these articles and to check programs.” 


<_- — >» 


itech 
Soto COA 


Aaaaoooe -2eo- 
yi nl JT & 


DRAW FILL / F 
MOVE eaHITTE) 
CURSOR 
CLEAR ERASE 
(NOT DRAWING) SCREEN 


The ‘standard’ ‘660 keyboard showing the functions of each key. The heavy arrows 
indicate which way the cursor moves when you press that key. One press moves the 
cursor one pixel position. 


Program Listing 


If you’re using a hex keyboard like this, the heavy 
arrows indicate cursor movement for the relevant 
key. Keys 0, C, D, E and F have the same functions 
as the ‘standard’ keyboard. 


0600 00 FF = DO_ NOTHING 16 22 GOTO 0622 3600 SKF V6 = 00 delaiy oem oes 
Ae 62 SET I = 0662 7002 VO=Vvo+o2 16 56 GTO 0656 FO 55 VO:V0 = M(I) 
P4 65 VOrv4 = M(T) 0630 16.A6 GOTO 0646 16 08 WTO 0608 tétoo to 0608 
6E 00 ~—- VE = 00 7801 v8=V8+ OL 68 00 v8 = 00 
60 FFs SET VO = FF 
AG 67 = SET I_ = 0667 A670“ SET 1 = 0670 0660 16 34 GO 0634 
61 80 SET V1 = 80 
FO 65 vO:VO = M(I) FO 65 vO:VO = M(I) 80 00 vo = 00 
A480 = POINT I TO START OF SCREEN 
4000 SKF VO # 00 HO Al SKF VO # KEY PRESSED 00 03 CALL: 0003 SUBROUTINE 
16.55, «GOTO: Q65E 8E 00 VE = VO 0101 CALL 0101 suBRoUTINE -«°'89-—«FO. 55 MCT) = VOr®, STORE VO 
0610 £0 9E SKF VO = KEY PRESSED 30 00 SKF VO = 00 02 03 CALL 0203 SUBROUTINE 71 01 vl = Vb +1 
16 OA GOTO 060A 16 36 GT 0636 05 07 CALL 0507 SUBROUTINE 31 00 SKF V1 = 00 
48.00 SKF v8 # 00 0640 3B 0C SKF VE = 0C 09 0A — CALL: O90A. SUBROUTINE 16 90 STORE VO @ 0690 
16 1E GOTO OOlE 4E OF SKF VE # OF OB 00 CALL OBOO SUBROUTINE 61 00 RESET V1 10 00 
38.06 SKF _VB = 06 16 76 GTO 0676 0670 OC OF — CALL. OCOP._ SUBROUTINE AS 00 ~—- POINT 1-70 0500 
s = 0662 OD OE CALL. ODOE SUBROUTINE 
16 32 @ 0632 A6 62 ET T PO 55 MCI) * VO:VO, STORE vO 
78 FF OV8 = V8 + FF Dl 21 «= SHOW 1 @ V1,V2 00 00 —- RETURN. TO MONTTOR 
72.010 «Vi= VL O21 
70 FF: VO = VO + FF 3E 00 ‘SKF _VE = 00 3E 0C SKF _VE = 0C 
06A0 3100 SKF Vi = 00 
0620 67 FF V7. = FF 3F 00 SKF _VF = 00 26 8A «DO - ROUTINE AT 068A 
16 9C STORE VO @ 069C 
8035 VO=VO-V3 DL 21 SHDW 1 @ V1,V2 3E OF —SKF-VE = OF 
3F 01 SKF VF = O01 0650 4E 0E SKF VE # OE 00 EO CLEAR SCREEN 00 BB RETURN TO 067A @ 
16 2E = GO 062E D1 21 «© SHDW 1 @ V1,Vv2 60 0£ SET VO = OE 
77 O1 V7 a V7 + OL F415 TIMER = V4 0680 3E 0c SKF VE = 0C important: Please note errata on 
page 121. 
70 FF VO. = VO + FF F607 V6 -= TIMER 60 0p = SET VO = OD 
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A6 
69 
6A 
D9 
Ab 
6B 
6C 
DB 
A6 
64 
65 
D4 
67 
68 
26 
26 
48 
16 
64 
65 
A6 
D4 
6E 
66 
6D 
ED 
66 
6D 
ED 


66° 


6D 
ED 
66 
36 
26 
Ab 


cD 
38 
08 
A3 
DO 
00 
03 
C3 
D6 
1D 
1F 
5 
00 
OF 
A2 
AC 
00 
22 
1 
1C 
D3 
53 
00 
80 
04 
Al 
FF 
05 
Al 
00 
06 
Al 
01 
80 
D8 
po 


1=06CD 

V9=38 

VA=08 

SHOW 3MI@V9OVA 
I=06D0 

VB=00 

VC=03 

SHOW 3MI@VBVC 
1=06D6 

V4=1D 

V5=1F 

SHOW 1IML@V4V5 
v7=00 

V8=0F 

DO 06A2 

DO O6AC 

SKF V8#00 

GO TO 0622 
V4=1E 

V5=1C 

1=06D3 

SHOW 3MI@V4V5 
VE=00 

V6=80 

VD=04 

SKF VD#KEY 
VO=FF 

VD=05 

SKF VDAKEY 
V6=00 

VD=06 

SKF VDAKEY 
V6=01 

SKF V6=80 

DU 06D8 
1=06D0 


°660 INVADERS 


No set of computer games software is ever complete without 
including some form of the ubiquitous ‘invaders’ game. Here’s 
the ’660 version and a few tricks on how to score well. 

The invading UFOs enter the screen area at top right and 
proceed across the screen at varying speeds. There are ‘large’ 
UFOs and ‘small’ UFOs. Your rocket launcher is at bottom centre 
of screen and keys 4, 5 and 6 launch your rockets. Key 5 launches 
them vertically, key 4 launches them angled to the left, key 6 
launches them angled to the right. A ‘hit’ on a large UFO will 
score you 5 points (.. . it’s easy/), a ‘hit’ on the small UFO scores 
you 15 points (harder). It takes some skill to score hits with key 6, 
but it’s a little easier with keys 4 and 5. But watch it! — Timing 
your launch with key 5is a little more critical than you think. In the 
right hand corner of the screen is a number showing how many 
rockets you have left. Your score is displayed in the left hand 
corner of the screen. Kill, kill! 

Press ‘RESET 8’ to start a new game. 


0670 16 86 GO TO 0686 
0672 75 FF VS5+FF 

0674 84 64 V4=V4+Vv6 
0676 D4 53 SHOW 3MI@V4V5 
0678 3F 01 SKF VF=01 
067A 16 46 GO TO 0646 
067C 6D 08 VD=08 

O67E 8D 52 VD=VD&V5 
0680 4D 08 SKF VD#408 
0682 1€ 8C GO TO 068C 
0684 16 92 GO TO 0692 
0686 26 AC DO O6AC 
0688 78 FF V8+FF 

068A 16 1E GO TO O68E 
O68C 26 A2 DO 06A2 
O68E 77 05 V7+05 

0690 16 96 GO TO 0696 
0692 26 A2 DO 06A2 
0694 77 OF V7+0F 

0696 26 A2 DO 06A2 
0698 6D 03 VD=03 

069A FD 18 TONE=VD 
069C =—AG D3. «T=0€D3 
069E D4 53 SHOW 3MI@V4V5 
O6A0 16 86 GO TO 0686 
O6A2 A6 F8 I=06F8 
O6A4 = F7 33° MI=V7(3DD) 
O6A6 §=63 00 V3=00 

Q6A8 26 B6 DO 06B6 
O6AA OO EE RET 

O6AC AG FB I=06F8 
O6AE F8 33 MI=V8(3DD) 
0680 §=63 32 V3=32 

0682 26 B6 DO 06B6 
0684 OO EE RET 

0686 6D 1B VD=1B 
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0648 DB C3 SHOW 3MI@VBVC 
064A CD01 VD=RND 

064C 8B D4 VB=VB+VD 

064E DB C3 SHOW 3MI@VBVC 
0650 3F 00 SKF VF=00 
0652 16 92 GO TO 0692 
0654 A6 CD I=06CD 

0656 D9 A3 SHOW 3MI@V9VA 
0658 CD01 VD=RND 

065A 3D 00 SKF VD=00 
065C 6D FF VD=FF 

O65E 79 FE V9+FE 

0660 D9 A3 SHOW 3MI@V9VA 
0662 3F 00 SKF VF=00 
0664 16 8C GO TO 068C 
0666 4& 00 SKF VE#00 
0668 16 2E GO TO 062E 
O66A A6 D3 I1=06D3 

066C D4 53 SHOW 3MI@V4V5 
O66E 45 00 SKF V5#00 


06B8 
O6BA 
O6BC 
O6BE 
06C0 
06C2 
06C4 
06C6 
06C8 
O6CA 
O6CC 
O6CE 
06D0 
06D2 
06D4 
0606 
06D8 
O6DA 
06DC 
O6DE 


F2 
FO 
D3 
73 
Fl 
D3 
73 
F2 
D3 
00 
01 
FE 
60 
60 
EO 
F8 
6E 
6D 
FD 
00 


65 
29 
D5 
05 
29 
D5 
05 
29 
D5 
EE 
7C 
ZC 
FO 
40 
AO 
D4 
01 
10 
18 
EE 


VO :V2=MI 


I=DSP ,VO 


SHOW SMI@V3VD 


V3+05 


T=DSP 


V1 


SHOW 5SMI@V3VD 


V3+05 
I=DSP ,V2 


SHOW SMI@V3VD 


RET 


VE=01 
VD=10 


TONE=VD 


RET 


PATTERNMAKER 


This one’s fascinating. You can have the 
computer draw acomplex, varying ‘kaleido- 
scope’ pattern on the screen starting froma 
‘seed’ pattern drawn by you. When you run 
the program, four spots appear in the 
centre of the screen, making a square 
block. Keys 2, 4, 6 and 8 are used to move 
the spots in each of the four screen 
quadrants to create the seed pattern. Key 2 
moves the spots vertically away from the 
centre, key 4 moves the spots horizontally 
away from the centre, key 6 moves them 
horizontally towards the centre and key 8 
moves them vertically towards the centre. 
When you've created your pattern, press 
key 0 and the computer will commence 
drawing the pattern out across the screen, 
continuously repeating it. Note that when 
the pattern crosses an existing line, the 
screen is blanked. Try this seed pattern: 
press key 2 four times, then key 4 four 
times, then press key 0. 

The subroutine from 0632 to 0674 causes 
the pattern to be duplicated in the four 
quadrants of the screen. 


0600 60 00 V0=00 
0602 63 80 V3=80 
0604 61 1F V1=lF 
0606 62 OF V2=9F 
0608 26 32 DO 9632 
060A AG 00 1=0500 
Q60C =F3 1E I=I+V3 


O60E 
0610 
0612 
0614 
0616 
0618 
061A 
061C 
O61E 
0620 
0622 
0624 
0626 
0628 
062A 
062C 
062E 
0630 
0632 
0634 
0636 
0638 
063A 
063C 
063E 
0640 
0642 


FO OA 
FO 55 
40 00 
16 1C 
73 01 
33 00 
16 08 
63 80 
AB 00 
F3 1E 
FO 65 
40 00 
16 1C 
73 01 
43 00 
16 1C 
26 32 
16 1E 
40 02 
72 
40 
71 
40 
71 
40 
72 01 
A6 77 


VO=KEY 
MI=VO:VO 
SKF V0#00 
GO TO 061C 
V3+01 
SKF V3=00 
GO TO 0608 
V3=80 
T=0600 
T=1+V3 
VO: VO=MI 
SKF V0#00 
GO TO 061C 
V3+01 
SKF V3#00 
GO T0 O61C 
DO 0632 
GO TO O61E 
SKF VO#02 
V2+FF 

SKF V0#04 
V1+FF 
SKF V0#06 
V1+01 

SKF V0#08 
v2+01 
1=0677 


0644 
0646 
0648 
064A 
064C 
064E 
0650 
0652 
0654 
0656 
0658 
065A 
065C 
Q65E 
0660 
0662 
0664 
0666 
0668 
066A 
066C 
O66E 
0670 
0672 
0674 
0676 
0678 


6A 
8A 
6B 
81 
3A 
72 
6A 
8A 
6B 
82 
3A 
71 
6B 
81 
D1 
8A 
6B 
8B 
DA 
6A 
8A 
DA 
8B 
DA 
00 
01 
00 


EO 
12 
1F 
B2 
00 
01 
FO 
22 
OF 
B2 
00 
01 
1F 
B2 
21 
10 
1F 
25 
Bl 
3F 
15 
Bl 
20 
Bl 
EE 
80 
00 


VA=E0 
VA=VA&V1 
VB=1F 
V1=V18&VB 

SKF VA=00 
V2+01 

VA=FO 
VA=VA&V2 
VB=0F 
V2=V2&VB 

SKF VA=00 
V1+01 

VB=1F 
V1=V18&VB 

SHOW 1MI@V1V2 
VA=V1 

VB=1F 
VB=VB-V2 

SHOW 1MI@VAVB 
VA=3F 
VA=VA-V1 

SHOW IMI@VAVB 
VB=V2 

SHOW 1MI@GVAVB 
RET 
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SPACE DOGFIGHT 


Luke Skywalker rides again! Shoot the evil X-wing 
fighter and see it disintegrate before your very 
eyes. But watch it! The X-wing fighter will sneak up 
behind and clobber you — unless you duck out of 
its way! 

In this game, you control a Y-wing fighter that 
first appears in the middie of the screen, 
immediately you run the program. LOOK OUT! The 
huge X-wing fighter appears over your port rear 
quadrant — press key 9 to drop out of its way and, 
as it cruises past, hit key 5 to fire your missile 
before the X-wing craft disappears off the screen 
to the right. 

@ To move your Y-wing fighter UP — press key 1. 

@ To move it DOWN — press key 9. 

@ To move LEFT — press key 6. 

@ To move RIGHT — press key 7. 

@ To FIRE — press key 5. 


A one-second tone is heard whenever the X-wing 
craft runs into the Y-wing craft — and you lose 
points from your score. When you score a hit, 
you’tl hear a ‘pip-pip-pip-pip-pip’, ‘bits’ will dis- 
appear from the X-wing craft and it will change 
shape — making it much harder to hit, especially 
as you score more hits. 

The game lasts about 80 seconds and your 
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score appears on screen at the end. Press 
‘RESET 8’ to get a new game. We'll let all you keen 
CHIP-8 hackers have fun annotating the listing to 
find out how it works on this one. 

This program has been modified and rewritten 
for the ’660 from an original program submitted by 
J.L. Elkhorne of Chigwell, Tasmania, called 
‘COSMAC asteroids’, written for a 4K VP-111. 


PROGRAM NOTES 


There are eight basic ‘modules’ in this program: 
0600 — 0607 PLACE Y-WING MID SCREEN 
0608 — 0641 CALL AND EXECUTE ROUTINES 
0642—065B MOVE Y-WING FIGHTER 
065C — 067F MISSILE DYNAMICS 
0680 — 06B5 HIT X-WING FIGHTER 
O6B6 — O6CE MOVE X-WING FIGHTER 
06D0 — 06F8 SCORING 
0700 — 0711 FIGHTER & MISSILE PATTERNS 


Scanning of the keyboard and executing the com- 
mands entered is done within the second module, 
from 061A to 0635. The Y-wing fighter pattern 
resides at 0700-0702, the missile at 0703. The 


X-wing pattern is entered in two places (as it is 
called twice) at 0704-0709 and 070C-0711. 

For left-handers, the keyboard positions can be 
exchanged by changing 061A to 63 02, 0620 to 
63 01, 0626 to 63 07, 062C to 63 OF and 0632 
to 63 03. 

If you want to put the SHOOT key between the 
MOVE LEFT and MOVE RIGHT keys, change the 
original (right-handed) program by altering 0620 
to 63 05 and 0632 to 63 06. Left-handers change 
061A to 63 03 and 0632 to 63 02. 

You can also muck about with the fighter 
patterns (completely changing the ‘look’ of the 
game, without altering its operation). You can 
change the Y-wing fighter to a miniature X-wing 
craft by altering addresses 0700-0702 to 28 18 28; 
or a ‘reverse’ of that by entering 10 28 10 instead. 
Note that your missile is at address 0703. You can 
make the larger craft harder to hit by changing 
address 0704-0709 to 00 66 18 18 66 00; do 
likewise at addresses 070C-0711. Or you could try 
something like 00 D8 20 D8 00 in those addresses. 
The ‘reverse’ of that pattern is 00 20 D8 20 00. You 
can really decrease the size of your Y-wing craft by 
entering 20 10 20 at addresses 0700-0702. Have 
fun! 
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X=WING DOGFIGHT 0632 63 O5 
0600  A7 00 0634 £3 Al 
0602 6A 1F 0636 26 SC 
9604 6B 10 0638 26 B6 
0606 DA B3 063A 47:«18 
0608 69 00 063c 416 DO 
060A =s«OD:sé14 063E 16 36 
o60c = &C_—s«é0 0640 16 42 
060E  A7 04 0642 DA B3 
0610 61 00 0644 ~=7A 02 
0612 62 00 0646 16 58 
0614 +«=—+D1 = 26 0648 DA B3 
0616 467 «18 064A 7A FE 
0618  A7 00 064c «(16 «58 
061A «663-—s«OO7 064E DA B3 
061C £3 Al 0650 7B FE 
061E 26 42 0652 16 58 
0620 63 06 0654 DA B3 
0622 «4+=E3 Al 0656 7B 02 
0624 26 48 0658 DA B3 
0626 63 «OL 065A 00 EE 
0628 £3 AL 065C AT 03 
062A 26 4E 065E 47 18 
062c 8663-09 0660 26 76 
062E £3 Al 0662 DS 61 
0630 26 54 0664 77 FE 


0666 4F O1 069A A704 
0668 26 80 069c = pls 26 
O66A D5 61 069E ¢3 05 
066C 75 03 06A0 89 34 
066E 37 00 O6A2 -F3.sO=1E 
0670 OO EB 06A4 FO 65 
0672 67 18 O6A6 C3. «OEE 
0674 OO EB O6A8 30 32 
0676 35 AO O6AA = FO O55 
0678 = g6 BO O6AC 71 08 
067A 76 OL O6AE A7 04 
067 7 FF 0680 8=D1 «26 
067E 0O EB O6B2 A703 
0680 6c 06 06B4 OO EE 
0682 6E 02 06B6 A7 04 
0684 FE 18 06B8 C3 02 
0686 =6E 03 O6BA C4 O01 
0688 FE 15 O6BC D1 26 
068A FE 07 O6BE 81 34 
068C  3E 00 O6CcO 88244 
068E 16 8A 06c2 D1 «26 
0690 70 FF 06C4 «= 3FC#Od 
0692 = 3c_-=«00 06C6 00 EE 
0694 16 82 06C8 6E OA 
0696 79 02 O6CA FE 18 
0698 67 18 O6CB 7D FF 


O6CE 0O EE 0702 ‘cO 10 
o6D0 3D 00 0704 C3 66 
06D2 16 18 0706 18 18 
06D4 —A7_—s«13 0708 66 C3 
06D6 FO 33 070A 00 00 
06D8 F2 65 070C C3 +66 
O6DA 00 £EO 070E 18 18 
O6DC 6A 18 0710 66 C3 
O6DE 6B OA ERRATA 
06E0 FO 29 
VIDEO DRAWING 
O6E2 DA BS (page 117). 
This program has the last 
O6E4 TA 06 four lines missing! Follow- 
ing 06A4 (00 EE), enter: 
O6E6 Fl 29 8104 
8274 
ons 16 32 
O6EA 7A_—«O6 00 00 
In addition, addresses 
Q6EC F2 29 0664 to 0672 contain a 
data file and do not call 
O6ER DA B5 subroutines, as the disas- 
sembled listing indicates. 
O6FO A7 OC epee 
O6F2 F5 65 
O6F4 A7 04 
O6F6 F5 55 
O6F8 16 F8 
O6FA 00 00 
O6FC 00 00 
O6FE co (00 
0700 co 20 


32K BYTES 
FOR THE 2X81 


SPECIAL RAM PACK 
FOR THE 2X81 


This board uses dynamic RAM chips for 
lower cost and lower power consumption. 
Simply plugs into the ZX 81 expansion port 
offering 32K BYTES for basic programmes 
and data handling. No extra PSU required. 
Extra memory to help you build your ZX81 
into a powerful microprocessor system at 
an affordable price. Compare the price with 
other RAM PACKS available on the market! 


VENDALE 


Price for 32K Ram Pack (RP32) 
only: $165.00 incl. P&P (Aust) 


Please send order or SA E for further information to: 
VENDALE PTY. LTD., Dept T7, Box 456, 
Glen Waverley, Victoria 3150. 

36 Plymouth St., Glen Waverley, 

(03) 232 0444. 


ZX80/81 PROGRAMMABLE 
CHARACTER GENERATOR 


Using simple BASIC programs you can 
create your own unique character sets and 
graphic symbols for games, High Res 
graphs and charts and interesting patterns. 
Program symbols normally available only on 
more expensive microprocessors and you 
are not limited to preprogrammed 

graphic sets. 

Fully assembled price $95.00 incl. P & P 
(Australia) 

Uses the 8K ROM from Sinclair (not incl.). 


UPGRADE YOUR ZX80 GRAPHICS 


Now you can upgrade your ZX80 to the full 
animated graphics of the ZX81. Your ZX80 
will now run in SLOW mode. 


Fully assembled price only $38.50 incl. P & P 
(Australia) 


Works only in conjunction with 8K ROM 
from Sinclair (not incl.) 


VEN 0261 
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660 SOFTWARE 


COLOUR PATTERNMAKER 


Anyone who has loaded the Patternmaker 
program (page 119) into their ’660 will have 
found it a very fascinating program. The 
Program described here gives it new 
dimensions by allowing any combination of 
background and foreground colours to be 
chosen. 

This program asks you first to ‘SELECT 
BACKGROUND’, displaying the four possible 
background colours along with their appropriate 
keys across the screen. In the same way it then 
prompts for one (or two) of the eight possible 
foreground colours. 

If key 8 is pressed before selecting a fore- 
ground colour, two colours can be chosen. The 
next key pressed will set the outside colour, 
while the last key will set the centre colour. 
Unfortunately this feature is not supported by 
prompting, as it was a late addition to the 
program. 

In this program | have made considerable 
use of the ‘DO’ subroutine instruction, and the 
mainline (0700 to 0736) contains mostly calls 
to subroutines which in themselves call further 
subroutines. This method of structuring makes 
for easier writing and debugging, as the pro- 
gram flow is more easily followed. 

Some of the routines used in this program 
may be useful in other programs. For example, 
the colour routine at 0788 could be used, as is, 
to colour any area of the screen, large or small. 
Simply load the following variables with the 
appropriate values before calling it: 

V9: y start 

VA: width 

VB: height 

VD: colour (0-7) 

VE: x start 

To load the program, put in the Patternmaker 
program between 0600 and O6FF, the colour 
routines (page 113) between 07A2 and 07FF, 
and then key in this program between 0700 and 
07A0 and between 0800 and 08F2. Change 
the first instruction (0600) of the Patternmaker 
program to 1700. 

Noel Plummer 


0600 17 00 00 FF 

0602 KEY IN 6D 05 
PATTERNMAK ER 

0679 27 38 

0700 00 FF 0720 28 20 
07 C1 28 00 
6D 06 28 20 
27 38 6D 06 
28 18 27 46 
28 00 28 20 
28 18 28 78 
6D 05 27 62 

0710 27 46 0730 00 EO 
28 18 6D 00 
28 48 16 02 
27 54 00 FF 
00 EO 69 00 
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electronics 
for beginners 


BEGINNERS HANDBOOK OF IC PROJECTS 

74286P $19.25 
The novice is guided in mastering the fundamentals of 
building, troubleshooting and testing electronic projects. 
In addition to many elementary projects, more advanced 
ones are included concerning bipolar integrated circuits 
and medium and large-scale integrated circuits. 


ELECTRONIC TIMER PROJECTS 
BP93 $6.56 


These may have a high degree of accuracy with quartz 
control or they may be quite simple designs, using only a 
few components. A number of specialist timer projects 
are car windscreen wiper detay unit, darkroom timer, 
metronome etc. 


ELECTRONIC PROJECTS FOR CARS AND BOATS 
BP94 $6.56 


Fifteen fairly simple projects designed for use with 12 V 
electrical systems but in some cases can also be 
employed with 6 V and/or positive earth systems as well. 


MODEL RAILWAY PROJECTS 

BP95 $6.56 
Projects include such things as controllers, signals and 
sound effects units. Construction stripboard layouts are 
provided for each project. 


CB PROJECTS 

BP96 $6.56 
A number of useful designs include a speech processor, 
interference filters and a simple CB radio receiver. Strip- 
board layouts, wiring diagrams and notes on construction 
are provided. 


POPULAR ELECTRONICS CIRCUITS — BOOK 2 
BP98 $7.52 


A companion for BP80, this book provides a wide range of 
designs for electronics enthusiasts who are capable of 
producing working projects from just a circuit diagram 
without the aid of detailed constructional information. 


MINI-MATRIX BOARD PROJECTS 
BP99 $6.56 
This book provides a selection of 20 useful circuits which 
can all be built on a mini-matrix board which is just 24 holes 
by 10 copper strips in size. Simple and easy for those with 
not much experience in electronics. 


MULTI-CIRCUIT BOARD PROJECTS 

BP103 $6.56 
All circuits are based on one specially designed pc board. 
Recommended to the less experienced hobbyist. 


ELECTRONIC SCIENCE PROJECTS 

BP104 $7.52 
These projects range in complexity from a simple colour 
temperature meter to an infra-red laser. There is an 
electronic clock regulated by a resonating spring and an 
oscilloscope with a solid-state display. How to build them 
and use them is fully explained. 


AERIAL PROJECTS 

BP105 $6.56 
Practical aerial designs including active, loop and ferrite 
which are relatively simple and inexpensive to build. The 
complex theory and mathematics of aerial design have 
been avoided. 


MODERN OP-AMP CIRCUITS 
BP106 $6.56 


A collection of widely varying circuits and projects based 
on the op-amp ICs. 


HOW TO GET YOUR ELECTRONIC PROJECTS WORKING 
BP110 $6.56 
Helps you to overcome the problems of a circuit that 
doesn't work by indicating how and where to start looking 
for many of the common faults that can occur when 
building up a project. 


circuit techniques 
and design 


TTL COOKBOOK 

21035P $17.50 
Acomplete look at TTL logic circuits — what TTL is, how it 
works, and how to use it. Many kinds of practical TTL are 
included, such as digital counters, electronic stopwatches, 
digital voltmeters, etc. 


ACTIVE-FILTER COOKBOOK 

21168P $21.95 
Learn how to construct filters of all kinds — highpass, 
lowpass, bandpass. The book is easy to understand — no 
advanced maths or obscure theory is used. 


ETI CIRCUITS BOOKS 1/2/3 $2.95 ea 
Many of these circuits have been published in the ‘Ideas 
for Experimenters’ section in ETI. 


ETI CIRCUIT TECHNIQUES VOLS 1/2 $4.75 ea 
The how, what, which, where, why and how much anthology 
of electronic components, circuits and techniques. 


ELECTRONIC CIRCUITBOOK 1: 

PROJECT CONSTRUCTION 

21241P $7.50 
Your basic guide to project construction, covering 
component identification, power supplies, proper tool 
selection, troubleshooting techniques, oscilloscope use, 
custom-made enclosures, and more. 


CMOS COOKBOOK 

21398P $19.25 
This book explains CMOS technology and its application 
to ‘real world’ circuitry. A mini-catalogue is included, which 
lists over 100 devices, giving their pinouts and application 
notes. 


IC TIMER COOKBOOK 

21416P $15.95 
: Gives you a look at the hundreds of ways IC timers are 

used in electronic instrumentation. 

IC CONVERTER COOKBOOK 

21527P $20.75 


Written for the practising engineer, technician, hobbyist or 
student, this book will be an invaluable working guide to 
the understanding and use of IC analogue/digital and 
digital/analogue converters. 


DESIGN OF OP-AMP CIRCUITS, WITH EXPERIMENTS 
21537P $16.50 
The design of the fundamental circuits that are the basic 
building blocks of more sophisticated systems. A series of 
35 experiments illustrates the design and operation of 
linear amps, differentiators and integrators, voltage and 
current converters, active filters, and lots more. 


555 TIMER APPLICATIONS SOURCE BOOK, 


21538P $11.25 
This book describes the construction of the 555 timer and 
gives numerous practical examples of its applications in all 
areas of electrical and computer engineering, including 17 
simple experiments. 


DESIGN OF ACTIVE FILTERS WITH EXPERIMENTS 
21539P $15.95 
Introduction to the theory, implementation and design of 
active filters using the 741 op-amp. 


DESIGN OF PHASE-LOCKED LOOP CIRCUITS, 

WITH EXPERIMENTS 

21545P $15.95 
An excellent introduction to the theory, design and 
implementation of phase-locked loop circuits using 
various TTL and CMOS devices. Includes manufacturers’ 
data sheets and describes the use of breadboarding aids 
in the wide range of laboratory-type experiments. 


AUDIO IC OP-AMP APPLICATIONS 

21558P $13.25 
This book discusses IC op-amps and their application in 
audio systems, and describes the numerous advantages 
of using op-amps, including small spatial needs, low 
power consumption, reliable performance and low cost. 
Assumes a basic understanding of op-amp theory. 


UNDERSTANDING CMOS INTEGRATED CIRCUITS 
21598P $9.95 
This book tells you what CMOS ICs are, how they work, 
and how they can be used in electronic circuit designs. 
Many practical circuits, complete with parts values, 
are included. 


DESIGN OF TRANSISTOR CIRCUITS 

WITH EXPERIMENTS 

21626P $20.75 
A self-teaching course to provide the background and 
explanations necessary to teach the reader the art of 
designing transistor circuits. 


GUIDE TO CMOS BASICS, CIRCUITS, 

AND EXPERIMENTS 

21654P $14.95 
If you are already familiar with TTL devices and are ready 
to examine the benefits of CMOS, this book is your 
complete source. It tells you what CMOS devices are, their 
characteristics and design rules. 22 experiments demon- 
strate the concepts discussed. 


PRACTICAL TRANSFORMER DESIGN HANDBOOK 
21657P $35.50 
An easy to understand, illustration-filled guide to 
designing and constructing transformers. Reviews the 
fundamentals of electricity, magnetism and algebra needed 
to understand transformer theory, and covers general 
design considerations, transformer types, power losses 
and transformer use in converters and inverters. 


Z80 MICROCOMPUTER DESIGN PROJECTS 

21682P $20.75 
This book provides a complete look at the internal 
architecture of the Z80, the heart of many microcomputers, 
and even shows how to build a microcomputer, the EX80, 
using this powerful chip. 


DESIGN OF VMOS CIRCUITS, WITH EXPERIMENTS 
21686P $17.50 
The authors look at the technology which makes dramatic 
advancements possible with VMOS. and show how these 
components can easily and effectively be integrated into 
common circuit designs to enhance their responses 


IC OP-AMP COOKBOOK 

21695P $23.75 
Basic op-amp theory in detail, with 200 practical, illustrated 
circuit applications: JFET and MOSFET units are featured, 
plus manufacturers’ data sheets and company addresses. 


EXPERIMENTS IN ARTIFICIAL INTELLIGENCE 

FOR SMALL COMPUTERS 

21785P $13.25 
Artificial intelligence is the capability of a device to perform 
functions normally associated with human intelligence. 
With this book, a small computer with extended BASIC 
and some knowledge of BASIC language, you can 
conduct interesting and exciting experiments in artificial 
intelligence. 


PRACTICAL SOLID-STATE CIRCUIT DESIGN 

21787P $14.95 
An introductory course in practical solid-state circuit 
design for the experimenter, designer or technician who is 
interested in constructing tailor-made circuits 


SCRS AND RELATED THYRISTOR DEVICES 

21806P $19.25 
Written for experimenters, technicians and engineers, this 
book is a practical and comprehensive guide to theory, 
operation, specifications and applications of silicon- 
controlled rectifiers (SCRs) and related thyristor devices. 


REGULATED POWER SUPPLIES 

21808P $29.75 
Comprehensive discussion of the internal architecture 
and operation of the latest solid-state regulators. Explains 
when regulated supplies are needed and how to incor- 
porate them in your projects, and discusses modern 
rey including linear and switching circuits and 
late ICs. 


ANALOG INSTRUMENTATION FUNDAMENTALS 
21835P $29.75 
Numerous practical, hands-on lab experiments and 
solved problems are included, plus discussions of move- 
ments, dc ammeters, voltmeters, ohmmeters, bridges, 
filters and attenuators. No calculus is required. 


RF CIRCUIT DESIGN 
21868P $33.95 


A practical approach to the design of RF amplifiers, 
impedance-matching networks and filters. Uses a minimum 
of complex maths. 


SOLAR CELLS 

22270P $37.95 
In-depth description of the basic operating principles and 
design of solar cells. It also covers the techniques 
currently used to produce solar cells and reviews system 
applications. 


ELECTRONIC DESIGN WITH OFF-THE-SHELF ICS 
50274P $14.70 
It contains virtually all the information you need to design 
and build electronic circuits, systems and subsystems with 
readily available ICs. Shows how to interface them into 
highly complex systems. 


MODERN FILTER DESIGN 

94663P $49.95 
This book details the advances in active RC filters, both 
from a practical standpoint and from a state-of-the-art 
point of view. It is the first book that gives detailed analysis 
and design procedures for switched capacitor filters. 


COIL DESIGN AND CONSTRUCTION MANUAL 

160B $6.56 
How to make RF, IF, audio and power coils, chokes and 
transformers. Maths is simplified. 


50 PROJECTS USING CA3130 ICS 
223B $4.32 


The CA3130 is an advanced operational amplifier capable 
of higher performance than many others: circuits often 
need fewer ancillary components. Audio projects. RF 
projects. Test equipment. Household projects. Misc. 
projects. 


PRACTICAL INTRO TO DIGITAL ICS 


: 225B $4.32 


Introduction to digital ICs (mainly TTL 7400). Besides 
simple projects, includes logic test set to identify and test 
digital ICs. Also includes digital counter-timer. 


50 CIRCUITS USING GERMANIUM, SILICON 
AND ZENER DIODES 
BP36 $3.36 
50 interesting and useful circuits and applications using 
the germanium and silicon signal diodes, silicon rectifier 
diodes and zener diodes etc. 
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Mail order coupon on page 133 


CHEAP VIDEO COOKBOOK 

21524P $11.75 
Complete discussion of a new, low-cost way to get words, 
pictures and opcode out of your computer and onto any 
ordinary TV screen, using a seven-IC easy-to-build circuit 
which you can build for less than $20. 


AN INTRODUCTION TO VIDEO 

BP100 $6.56 

This book is written in layman's language and is for 

anyone who is thinking about buying or renting or who has 

just bought or rented a video recorder and wants to get the 
est Out of the machine. 


MOBILE DISCO HANDBOOK 
BP47 $4.64 


Most people who start mobile discos know little about 
equipment or what to buy. This book assumes no pre- 
liminary knowledge and gives enough info to enable you to 
have a reasonable understanding of disco gear. 


ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING 
BP51 $5.92 
Shows how electronic music can be made at home with 
the simplest and most inexpensive of equipment. 
Describes how the sounds are generated and how these 
may be recorded to build up the final composition. 


PRACTICAL CONSTRUCTION OR PREAMPS, 
TONE CONTROLS, FILTERS, ATTENUATORS 
BP60 $4.96 


This book shows the enthusiast how to construct a variety 
of magnetic tape recording, microphone and disc pre- 
amplifiers, and also a number of tone control circuits, 
rumble and scratch filters, attenuators and pads. 


ELECTRONIC SYNTHESISER PROJECTS 

BP81 $5.92 
For the electronic music enthusiast, an invaluable 
reference. This book is full of circuits and information on 
how to build analogue delay lines, sequencers, VCOs, 
envelope shapers, etc. etc. The author takes a clear and 
logical approach to the subject that should enable the 
average enthusiast to understand and build up what 
appears to be a quite complex instrument. 


AUDIO PROJECTS 
BP90 $6.56 


Covers a wide range of audio projects including 
preamplifiers and mixers, power amplifiers, tone controls 
and matching etc. A number of board layouts and wiring 
diagrams are included. 


ELECTRONIC MUSIC PROJECTS 
BP74 $5.92 


Provides constructors with practical circuits for the less 
complex music equipment including fuzz box, waa-waa 
pedal, sustain unit, reverb and phaser, tremolo generator 
etc. Text covers guitar effects, general effects, sound 
generators, accessories. 


SONICS 1982 YEARBOOK $5.35 
An interview with Kraftwerk, how to cope with recording, 
lighting, rock acoustics, guitars, equipment reviews and 
more. 


SONICS MAGAZINE $2.35 ea 
The Australian music magazine dedicated to the art and 
craft of sound. Published April, July, October, Yearbook in 
December. $15 for one year subscription. Please indicate 
starting issue. 


computers 
for beginners 


| TO 


COBOL FOR BEGINNERS 
39378P $21.95 


It is a solid text for introductory programming courses in 
Cobol, using a format that is easy to understand, yet 


comprehensive enough to make supplementary readings” 


unnecessary. 


THE PET PERSONAL COMPUTER FOR BEGINNERS 
61827P $20.95 
This handy guide is written for use with all varieties of PET 
yg ab from the original 2001 to the new 8032 Super 
PET. It is suited to novices with no practical experience 
and provides advice and practical examples. 


130 


BIG THINGS FROM LITTLE COMPUTERS 

77859P $19.25 
A layperson’s guide to personal computing with all the 
basic information and lots of examples of how personal 
computers can be used. 


ee GUIDE TO DIGITAL ELECTRONICS 


Covers all essential areas including number systems, 
codes, constructional and sequential logic, analogue/ 
digital/analogue conversion. 


BEGINNER’S GUIDE TO MICROPROCESSORS 

& COMPUTING 

BP66 $5.92 
Introduction to basic theory and concepts of binary 
arithmetic, microprocessor operation and machine 
lang ene programming. Only prior knowledege assumed 
is very basic arithmetic and an understanding of indices. 


A MICROPROCESSOR PRIMER 
BP72 $5.92 


Learning about microprocessors is easy with this book, 
written in a style that is easy to follow. The shortcomings of 
this basic machine are discussed and the reader is shown 
how these are overcome by changes to the instruction set. 
Relative addressing, index registers follow as logical 
progressions. 


AN INTRO TO BASIC PROGRAMMING TECHNIQUES 
BP86 $6.56 
Ideal for beginners seeking to understand and program in 
BASIC. Book includes program library for biorhythms, 
graphing Y against X, standard deviations, regressions, 
generating musical note sequences, and a card game. 


BEGINNING BASIC 
39806A $19.95 


Intended for beginners with no computing experience, one 
should be able to intelligently program in BASIC in a short 
time. 


BEGINNING FORTRAN 

46011A $19.95 
Starts with simple elementary examples and proceeds to 
intermediate level programs. Also includes references, 
tutorials, flow charts, deck set-ups and matrix algebra. 


UNDERSTANDING COMPUTERS 

39815A $17.95 
This book describes how computers work. For people who 
use small computers, it starts with the most elementary 
gates and works up to the complete computer. Gives an 
understanding of languages and how they operate in the 
computer. 


NAILING JELLY TO A TREE 

39842A $24.95 
This guide to software teaches you about machine 
language, assembly language programming and BASIC. 
The emphasis is not on learning to write programs but on 
learning to use the thousands of available programs that 
have already been written. 


PEANUT BUTTER AND JELLY GUIDE TO COMPUTERS 
39813A $14.95 
Asimple, easy-to-digest source of information on personal 
computing for the potential buyer who is less than an 
expert in the field. 


INTRODUCTION TO WORD PROCESSING 

88076A $17.95 
Written for the non-technical reader, this book tells about 
the concepts common to all word processing systems, 
then analyses all features in detail. 


YOUR FIRST COMPUTER 

88045A $12.50 
An easy-to-understand beginner's book to small 
computers. Understanding them, buying them and using 
them for personal and business applications. 


FROM CHIPS TO SYSTEMS: AN INTRODUCTION 
TO MICROPROCESSORS 

88063A $19.95 
Explains exactly what a microcomputer system is and how 
it works. Introduces fundamental concepts and covers all 
aspects of microprocessors and related components: 
internal operation, memories, interfacing and system 
development etc. 


COMPUTERS FOR EVERYBODY 

39849A $8.95 
In this easy-to-understand book it is explained how a 
computer can be used at home, in the office or at school. 
Includes a consumer's guide to computer equipment that 
will help the reader decide what to buy and who to buy 
it from. 


computers 
hardware & techniques 


USING THE 6800 MICROPROCESSOR 
21512P $13.25 


This will guide the reader through the conception, 
configuration, writing and pi of a variety of programs 
that demonstrate practical use of a 6800 system. 


Z80 MICROCOMPUTER DESIGN PROJECTS 
21682P $20.75 


This book provides a complete look at the internal 
architecture of the Z80, the heart of many microcomputers, 
and even shows how to build a microcomputer, the EX80, 
using this powerful chip. 


MICROPROCESSOR CIRCUITS VOL. 1 

21877P $14.75 
Presents basic microprocessor concepts in simple 
language for beginners and teaches you to construct a 
useful microcontroller system. Offers 30 demo circuits 
which take you through assembly, operation and pro- 
gramming of a microcontroller. 


INTERFACE PROJECTS FOR THE APPLE II 

69387P $15.95 
A series of interface projects that are easily built and 
enable the user to realise the computer's potential through 
Project construction. Projects are primarily hardware- 
orientated, with some software supporting the hardware. 


PET INTERFACING 

21795P $25.25 
Demonstrates how to build numerous interfacing devices 
for PET hardware. BASIC language programs are used 
throughout, and the book includes a discussion of the 
microprocessor’s internal architecture and general 
hardware/software interfacing. 


6809 MICROCOMPUTER PROGRAMMING AND 
INTERFACING, WITH EXPERIMENTS 

21798P $21.95 
Gives a solid understanding of how to program and 
interface the high-performance 6809 microprocessor. The 
author completely explores internal structure, addressing 
modes, data movement instructions, registers, arithmetic 
logic and test instructions for the 6809. 


Z80 MICROCOMPUTER HANDBOOK 
21500P $17.50 
This thorough handbook covers hardware, software and 
microcomputers built around the Z80. 


THE S100 AND OTHER MICRO BUSES 

21810P $13.25 
The key to successful computer expansion is a complete 
understanding of the bus system, through which the 
computer communicates with peripherals. This book will 
give you that understanding. 


MICROCOMPUTER DESIGN AND TROUBLESHOOTING 
21819P $26.75 
Tells you how to design microcomputer systems and 
make them work without an expensive commercial 
development system or the need for costly test instru- 
mentation. The author also provides a complete description 
of two popular microprocessors — the 8085 and the 6502. 


DON LANCASTER’S MICRO COOKBOOK, VOLUME 1 
21828P $20.75 
This ‘cookbook’ starts with the very fundamentals of 
microprocessors and microcomputers and takes you 
through number systems, codes, memory, etc, until you 
can work intelligently with micros. 


DON LANCASTER’S MICRO COOKBOOK, VOLUME 2 
21829P $20.75 


Carries on where Volume 1 left off. 
APPLE INTERFACING 
21862P $15.95 


Using this book, you will be able to perform useful 
experiments which will provide a much clearer under- 
standing of the fundamentals of computer interfacing 
and computer electronics. A better understanding of 
interactions between hardware and software will enable 
you to communicate more effectively with your Apple. 


MICROPROCESSOR CIRCUITS VOL. 1 

21877P $14.75 
Presents basic microprocessor concepts in straight- 
forward language for beginners. Teaches you to construct 
a useful microcontroller system through progressive 
demonstration circuits. 


8080 MICROCOMPUTER EXPERIMENTS 

39808A $29.50 
This ‘hands on’ book includes 105 experiments presenting 
programs and diagrams as required for clarification. 


A STEP-BY-STEP INTRODUCTION TO 

8080 MICROPROCESSOR SYSTEMS 

39804A $16.95 
Doesn't require any electronics or computer background. 
This book describes the 8080 architecture and instruction 
set through simple examples. Some basic software is 
introduced. 


DIGITAL CIRCUITS WITH MICROPROCESSOR 
APPLICATIONS 

46032A $39.50 
An introductory text, this book provides readers with the 
basic ideas and tools needed to analyse and design digital 
circuits and computer systems. Discusses micro- 
processor computer organisation, machine language 
number systems and gate circuits. 


MICROPROCESSOR INTERFACING TECHNIQUES 
88029A $24.95 
Teaches you how to interconnect a complete micro- 

rocessor system and interface it to the usual peripherals. 
the hardware and software skills needed to effectively 
interface peripheral devices are covered along with 
various buss standards and A/D conversion. 


PRACTICAL INTRO TO DIGITAL ICS 

225B $4.32 
Introduction to digital (Cs (mainly TTL 7400). Besides 
simple projects, includes logic test set to identify and test 
digital ICs. Also includes digital counter-timer. 


BEGINNER'S GUIDE TO MICROPROCESSORS 
& COMPUTING 
BP66 $5.92 


Introduction to basic theory and concepts of binary 
arithmetic, microprocessor operation and machine 
language programming. Only prior knowledge assumed is 
very basic arithmetic and an understanding of indices. 


A MICROPROCESSOR PRIMER 
BP72 $5.92 


Learning about microprocessors is easy with this book, 
written in a style that is easy to follow. The shortcomings of 
this basic machine are discussed and the reader is shown 
how these are overcome by changes to the instruction set. 
Relative addressing, index registers follow as logical 
progressions. 


PRACTICAL COMPUTER EXPERIMENTS 

BP78 $5.92 
How to build typical computer circuits using discrete logic. 
This book is a useful intro to devices such as adders and 
storers as well as a general source book of logic circuits. 


THE 6809 COMPANION 

BP102 $6.56 
It is not a beginners introduction to microprocessors in 
general but a discussion of the features of the 6809 and a 
reference work for the 6809 programmer in particular. 


COMPUTERS & COMPUTING 

YEARBOOK 1980 $4.95 
Includes beginners buying guide, the Apple, Tandy's 
TAS-80, the Vector MZ, introducing BASIC, $100 VDU, 
EPROM programmer, microcomputer power supply and 
lots more. 


COMPUTERS & COMPUTING 

YEARBOOK 1982 $4.95 
Includes disks, CP/M and your computer, learners 
microcomputer, programming in CHIP-8, alphasort, fast 
plotter, PET talk, the System 80 etc. 


computing software 


CP/M PRIMER 

21791P $21.95 
A complete one-stop course on CP/M, the very popular 
operating system for 8080, 8085 and Z80-based micro- 
computers. Complete terminology, hardware and software 
concepts, startup of a CP/M system, and a complete list of 
CP/M-compatible software. 


THE CP/M HANDBOOK (WITH MP/M) 

88048A $19.95 
Contains a step-by-step description of all the CP/M 
command features. Designed for the beginner, the book 
progresses to detailed explanations of the file transfer 
program, the debugging program and CP/M's text editing 
program. 


HOW TO GET STARTED WITH CP/M 

39832A $19.95 
This practical book eases the reader into the essentials of 
the system, giving an overview of the operating system, an 
hae of what it will be like to use and what it can do for the 
reader. 


AUSTRALIAN MICROCOMPUTER HANDBOOK 

72505 NOW $15.00 
Normaily $25.00. A detailed buyer's guide to micro- 
computer systems and application packages in commercial, 
industrial, scientific, educational and home/hobby areas. 


THE C PROGRAMMING LANGUAGE 

10163P $21.95 
C is a general purpose ‘low-level’ programming language. 
It is not specialised to any particular area of application, 
but its absence of restrictions make it convenient and 
effective for many tasks. 


THE 68000: PRINCIPLES AND PROGRAMMING 
21853P $19.95 
An easy-to-read, systematic approach to the 68000 
advanced 16-bit microprocessor. The book guides you 
through the complex architecture, instruction set, pinouts 
and interfacing techniques. Written for design engineers, 
programmers and students. 


PROGRAMMING IN BASIC FOR 

PERSONAL COMPUTERS 

30739P $14.75 
Simple instructions show how to give BASIC commands 
and statements a wide range of applications, from 
programming video games to developing business or 
scientific programs. 


PROGRAMMABLE CALCULATORS 
46008A $24.95 


This book suggests which calculators to buy, their 
possibilities and limitations, and the how-tos of pro- 
gramming them. 


TAKE A CHANCE WITH YOUR CALCULATOR 

39807A $14.95 
An introduction to modern mathematics, this book deals 
with programming of programmable calculators and 
includes probability problems. 


AN INTRO TO BASIC PROGRAMMING TECHNIQUES 
BP86 $6.56 


Ideal for beginners seeking to understand and program in 
BASIC. Book includes program library for biorhythms, 
graphing Y against X, standard deviations, regressions, 
generating musical note sequences, and a card game. 


BASIC FOR EVERYONE 
61481P $19.75 
349 pages of BASIC information for all purposes. 


BEGINNING BASIC 

39806A $19.95 
Intended for beginners, this book discusses how a 
programmer and a basic computer interact with the com- 
puter, problems likely to be met by the beginner, the need 
for and uses of documentation etc. 


FIFTY BASIC EXERCISES 
88056A $17.95 


Designed to teach BASIC through actual practice, this 
book contains graduated exercises in math, business, 
operations research, games and statistics. The pragrams 
were designed to run directly on a TRS-80 and will run with 
minor or no changes on any system with Microsoft BASIC. 


INSIDE BASIC GAMES 

88055A $19.95 
The medium of games teaches readers how to design 
error-free, interactive BASIC programs. Rules, algorithms 
and coding differences for the PET, APPLE Il and TRS-80 
are also included. 


MICROSOFT BASIC 

39823A $19.95 
Includes branching and loops, arithmetic in BASIC, 
strings, editing, arrays and files, the disk and a description 
of the Radio Shack Level fl BASIC. 


INTRODUCTION TO FORTH 

21842P $14.95 
The most complete book available on the MMS FORTH 
version of FORTH, but also a fundamental approach to 
programming in all versions of FORTH. Many program- 
ming examples are provided, with direct comparisons to 
the Microsoft Level Il BASIC version of these programs. 


STARTING FORTH 

42922P $23.75 
A clear and complete guide to FORTH, this book covers 
fundamental principles and then a full set of high- 
level FORTH commands. it concludes with advanced 
techniques and style. 


A FORTRAN PRIMER 

80454P $6.95 
Assumes no previous knowledge of program writing. It 
covers the fundamentals of the FORTRAN language, 
enables extensive program writing and concentrates on 
programming style. 


INTRODUCTION TO STRUCTURED FORTRAN 

46007A $19.95 
Written for the beginner, the text incorporates the 
new FORTRAN 77 with a discussion of structural pro- 
gramming. Includes a discussion of time-sharing, pseudo 
language programming and WATFIV statements. 


MICROSOFT FORTRAN 

39846A $24.95 
An introductory text on FORTRAN in general and Microsoft 
FORTRAN in particular. The latter is exceptionally well 
suited for use on microcomputers using CP/M and others 
of the 8080/8075/Z-80 family. 


BEGINNING FORTRAN 

46011A $19.95 
introduces readers to FORTRAN. included are references 
for further study, brief tutorials on key punching, flow chart- 
ing, deck set-ups and matrix algebra. 


QWIKTRAN 

39824A $19.95 
Quick FORTRAN for Micros, Minis and Main Frames. 
Starts with the basic concepts of computing and Qwiktran, 
a fundamental subset of FORTRAN IV. Lots of examples 
to increase the reader's proficiency. 


THE UCSD PASCAL HANDBOOK 
35536P $23.75 


: Language descriptions organised in a quick and easy 
: reference are given in this book for readers with no prior 


experience of Pascal programming. 

INTRODUCTION TO PASCAL 

91522P $19.95 
The second edition of this popular book has been updated 
to conform to the new international standard of Pascal. 
The contents illustrate the design and construction of 
Pascal programs, involving a wide range of basic com- 
puter algorithms in a practical context. 


PASCAL 

46028A $19.95 
For people with little or no programming experience, this 
book gives lots of examples that clearly explain proper 
usage of language features. Discusses top-down 
programming, debugging, self-documentation etc. 


THE PASCAL HANDBOOK 
88053A $23.50 
This book summarises the entire Pascal vocabulary, 
including the variations introduced by different com- 
mercial versions of Pascal. Allin dictionary format. 


PASCAL PROGRAMS FOR SCIENTISTS 

AND ENGINEERS 

88058A $23.50 

Over 60 of the most frequently used scientific algorithms, 

fone wn their program implementation in Pascal, are in 
is Book. 


COBOL FOR BEGINNERS 
39378P $21.95 


It is a solid text for introductory programming courses in 
Cobol, using a format that is easy to understand, yet 
comprehensive enough to make supplementary readings 
unnecessary. 


STARSHIP SIMULATION 

39810A $11.95 
This book offers both a specific simulation which can be 
implemented, modified and played, and a complete look at 
how to put together a simulation on almost any subject. 


BASIC PROGRAMS FOR SCIENTISTS AND ENGINEERS 
88073A $19.95 
This book contains scientific and engineering application 
programs written in BASIC. 


COMPUTER GRAPHICS PRIMER 

21650P $21.95 

Almost every page has a colour drawing, photograph, 

picture or a schematic to help you learn computer graphics 

quickly and easily. Programming concepts apply to all 

microcomputers, and examples are given in BASIC for the 
pple tl. 


INTRODUCTION TO TRS-80 GRAPHICS 

39818A $17.95 
It begins with the basic concepts of line drawing and leads 
the reader on to geometric shapes, moving figure 
animation and other more advanced topics. 


CIRCUIT DESIGN PROGRAMS FOR THE TRS—80 
21741P $21.75 
A number of programs written to aid you in using your 
TRS-80 and Level It BASIC for the design and analysis of 
many electronic circuits. The programs analyse inform- 
ation on ms values, periodic waveforms, integrated circuit 
timers and bipolar transistor circuits. 


MOSTLY BASIC: APPLICATIONS FOR YOUR TRS-80 
— BOOK 1 

21788P $19.25 
28 ready-to-use BASIC programs which have been 
completely tested and debugged. Programs include a 
telephone dialler, digital stop-watch, spelling test, house 
buying guide, gas mileage calculator, and others. Com- 
plete with explanations of each program, sample runs, and 
complete program listing. 


MOSTLY BASIC: APPLICATIONS FOR YOUR TRS-80 
— BOOK 2 

21865P $19.25 
32 ready-to-run BASIC programs, including two to test 
your ability in history and maths, a Dungeon of Danger 
that's strictly for fun, eleven household programs, seven 
on money and investment, two to test your ESP level, and 
more. Complete with explanations, sample run and listing 
for each program. 


INTERMEDIATE PROGRAMMING FOR THE TRS-80 
MODEL | 

21809P $14.95 
Step-by-step instructions for the TRS-80 user who wants 
to progress from BASIC to machine and assembly 
language programming with the TRS-80 Model | system. 
A complete how-to guide with numerous examples. 
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TRS-80 — MORE THAN BASIC 

21813P $15.95 
Learn to program in Z80 mnemonics by using the book's 
error-tolerant interactive monitor program. Over 26 com- 
mands available, with total documentation that helps you 
change the commands to meet specific applications. 


TRS-80 ASSEMBLY LANGUAGE MADE SIMPLE 
21851P $19.25 
If you have an understanding of BASIC programming, this 
book will help you learn to plan, write and hand-assemble 
your own assembly language programs in memory, using 
the T-bug and Level II BASIC ROM subroutines. 


PROGRAMMING THE TRS-80 POCKET COMPUTER 
30531P 


This book explains all aspects of problem-solving in 


BASIC, and covers cassette machine interfacing and how : 


to make the best use of the system's keyboard and display 


TRS-80 ASSEMBLY LANGUAGE SUBROUTINES 
31188P $19.25 


A wide spectrum of applications is discussed in this book, 
which provides easy-to-use routines that can be used as 
they stand or modified. 


32 BASIC PROGRAMS FOR THE TRS-80 COMPUTER 
39827A $29.50 
Programs for the TRS-80 Level Il or Model III BASIC (with 
16K or more user memory). 


APPLE BASIC 

39099P $19.25 
This book gives the beginner a thorough introduction to 
BASIC programming on an Apple computer, and covers 
all areas of programming, including graphics, games, 
mathematical programs, and a great deal more. 


CIRCUIT DESIGN PROGRAMS FOR THE APPLE II 
21863P $23.75 
A series of ready-to-run Apple Il programs ideal for 
electronics design engineers and others faced with 
solving problems related to plotting and verification of 
experimental data. The programs may be used as sub- 
routines in larger programs, and many can be translated to 
run on other microcomputer systems 


APPLESOFT LANGUAGE 

21811P $13.95 
Written for Apple Il micros that use the Microsoft language, 
this introduction covers each aspect of programming in 
non-technical language, from elementary concepts to 
advanced techniques. 


APPLE MACHINE LANGUAGE 

90230P $21.95 
This straightforward book teaches machine language 
programming through BASIC, the transition being made 
step-by-step. Many sketches of video displays are 
provided, as well as exercises with answers. 


APPLE PASCAL GAMES 

88074A $19.95 
Explore all the essential elements of UCSD Pascal and 
learn the important Apple Pascal extensions. 


PASCAL PROGRAMMING FOR THE APPLE 

95454P $18.95 
This book teaches UCSD Pascal on the Apple Il. Many 
examples, programs for financial applications, graphics, 
file structures and sound reproduction are supplied. 


32 BASIC PROGRAMS FOR THE APPLE COMPUTER 
38834A $29.50 


Full of programs with practical applications, educational 
uses, games and graphics. 


PET/CBM BASIC 

61751P $19.25 
This book provides a thorough introduction to BASIC pro- 
gramming on a PET computer, explaining programming 
concepts for graphics, including three-dimensional letters, 
bar graphs and the use of sound effects in PET programs. 


THE PET PERSONAL COMPUTER FOR BEGINNERS 
61827P $20.95 
This handy guide is written for use with all varieties of PET 
computer, from the original 2001 to the new 8032 Super 
PET. It is suited to novices with no practical experience 
and provides advice and practical examples. 


PET BASIC 1 
95524P $19.25 


For users of the PET computer, this book covers such 
topics as creative graphics, humour and interesting small 
programs. 
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$13.25 


PET GAMES AND RECREATIONS 

95529P $18.85 
Presenting an interesting mixture of diversions guaranteed 
to entertain and educate. Ideal for beginners, yet also 
challenging to computer veterans, the book features 
progressive levels of difficulty and five different types 
of games 


32 BASIC PROGRAMS FOR THE PET COMPUTER 
$29.50 
Each chapter fully documents a different bug-free 
progam. If readers have a good working knowledge of 
BASIC, they can devise and implement their own program 
changes. 


THE ATARI ASSEMBLER 

90236P $19.25 
This practical book gives detailed instructions for using the 
Atari Assembler cartridge for novices with some knowledge 
of BASIC programming. Fundamental information pro- 
gramming in assembly language is given. 


ATARI GAMES AND RECREATIONS 

90242P $19.25 
Beginners and advanced users can use the prepro- 
grammed games in this book to improve their skill. Charts, 
lash cards, an error dictionary and graph paper designs 
are among the features 


EXPLORE COMPUTING WITH THE TRS-80 
ted COMMON SENSE) 

16137P $17.95 
This introduction to microcomputers and the BASIC 
language is suitable for novices and users of the TRS-80 
Among the topics covered are creating tables, arts and 
graphics, games and simulation. 


32 BASIC GAMES FOR THE EXIDY SORCERER 

39835A $29.50 
Full of programs with practical applications, educational 
uses, games and graphics. Each chapter documents a 
different bug-free program 


THE ART OF PROGRAMMING THE 1K 2X81 

BP109 $6.56 
This book explains how to use the features of the ZX81 
including its random number generator, graphics and 
timer. PEEK and POKE are explained and you should 
learn enough to develop programs of your own 


PROGRAMMING THE 6502 

88046A $18.95 
Principles of assembly language programming for the 
6502 microprocessor are taught in this introductory text. 
Includes a discussion of trade-offs between hardware and 
software and detailed explanations of the 6502's internal 
registers and buss operation. 


6502 APPLICATIONS BOOK 

88015A $17.95 
Use this book and a few low-cost components to build a 
complete home alarm system, an electric piano, a motor 
speed-regulator, a time-of-day clock, a simulated traffic 
control system and a Morse code generator, etc. 


6502 GAMES 

88023A $17.95 
You learn how to play ten sophisticated games and also 
learn assembly language programming. Also learn the 
techniques of algorithm design and data structures. 


8080 MACHINE LANGUAGE PROGRAMMING 

FOR BEGINNERS 

39814A $12.95 
The book will take the reader step-by-step through the 
most common 8080 op codes and it will do so at a level 
anyone can understand. 


PROGRAMMING THE Z80 

88047A $19.95 
This book will enable every reader to write complete appli- 
cation programs for Z80-based computer systems. 
Includes exercises to measure progress and compre- 
hension at each level of programming. 


PROGRAMMING THE Z8000 

88072A $19.95 
A complete introduction to programming concepts and 
techniques for use with the 16-bit, Z8000 microprocessor. 
Presents detailed descriptions of the architecture and 
functions of this ‘super chip’ 


START WITH BASIC ON THE COMMODORE VIC 20 
97070P $14.75 
Helpful exercises and step-by-step instructions show you 
how to program in BASIC utilising all the graphic functions 
on the Vic 20. 


computing for 
business 


BASIC FOR ACCOUNTANTS 
80098P $9.95 


Shows accountancy students and accountants how to use 
acomputer to perform the repetitive tasks associated with 
record keeping, calculating and report writing. Using the 
BASIC language attention is concentrated on debtors, 
inventory and general ledger systems. 


COMPUTER BASED BUSINESS SYSTEMS 

80192P $10.95 
A short introduction to the sorts of systems used by a 
typical business to handle its typical activities. The book 
aims at providing a general understanding and therefore 
avoids technological detail. 


THE COMPUTER SOLUTION 

80195P $13.50 
It should be of interest to business people contemplating, 
implementing or already using computer data processing 
or to any non-technical person curious to know why and 
how computers are used in Australian businesses and 
organisations 


SMALL BUSINESS COMPUTERS: A GUIDE 

TO EVALUATION AND SELECTION 

81134P $14.95 
Ideal for the inexperienced user, this text emphasises 
management considerations in determining the feasibility, 
economics, evaluation, selection, contracts and practicality 
of installing a computer. 


SMALL BUSINESS COMPUTER SYSTEMS 

81136P $14.95 

This book provides a bridge between the accountant and 

the DP professional by explaining every step of the trading 

and reporting process in DP terms. It is especially useful to 

people engaged in the specification process or in auditing 
P accounting systems. 


THE VISICALC BOOK — APPLE EDITION 

98397P $22.25 
If you are using Visicalc on your Apple Il and want to learn 
more about its expanded uses then this book will show you 
how to build a model, enter your data and solve problems 
about profit/loss projections, pricing/costing estimates etc 


THE CP/M HANDBOOK (WITH MP/M) 

88048A $19.95 
Containing a step-by-step description of all the 
CP/M command features, the book progresses to detailed 
explanations of the file transfer program, the debugging 
program and CP/M's text editing program 


YOUR FIRST COMPUTER 
88045A $12.50 
A beginner's guide to small computers, understanding 
them, buying them and using them for personal and 
business applications. Includes peripherals, languages 
and application packages. 


DON’T (OR HOW TO CARE FOR YOUR COMPUTER) 
88065A $16.95 
A guide to computer and peripheral preservation. Specific 
advice for the computer, floppy disks, hard disks, the CRT 
terminal, the printer, tape units, the computer room, soft- 
ware and documentation are included 


INTRODUCTION TO WORD PROCESSING 

88076A $17.95 
Written for the non-technical reader, this book tells about 
concepts common to all word processing systems, then 
analyses all features in detail, from screens to scrolling 
and formatting. 


SMALL COMPUTERS FOR THE SMALL BUSINESSMAN 
39831A $24.95 
The book tells readers how and where to shop for a 
computer successfully; what to expect their computer to 
do for them; how to select software; whether or not to use a 
consultant; how to introduce the computer to the staff and 
how much computer is necessary. 


INVENTORY MANAGEMENT FOR SMALL COMPUTERS 
39848A $24.95 
Owners of retail businesses and their employees need this 
book. The program provides an inventory control system 
so that you know what stock is on hand, where it is located, 
what price was paid for it and the selling price. 


BASIC FOR BUSINESS FOR THE TRS-80 


90352P $22.25 
This book covers the application of BASIC language to 
business uses on the TRS-80 models II and III. 


FROM THE COUNTER TO THE BOTTOM LINE 

39811A $24.95 
A demystifying guide to basic accounting needs and 
computer use. Includes inventory and purchasing, billing, 
accounts receivable, accounts payable and general ledger. 


amateur radio, DX, 
communications 


INTRODUCTION TO RADIO ASTRONOMY 

21246P $8.75 
It gives background information on the structure of 
the universe, classification of galaxies and radio-wave 
Propagation. It covers in detail reception of extraterrestrial 
tadio signals and their sources and the types of antennas. 
{t also explains how to construct several practical, low-cost 
radio telescopes. 


TUBE SUBSTITUTION HANDBOOK 
21746P $8.75 


Complete, accurate, up-to-date guide to direct substitutes 
for erik and picture tubes. Contains over 6000 
receiving tube substitutes, over 4000 monochrome and 
colour picture tube substitutes, and 600 communications 
substitutes. Also includes pinouts for quick operational 
checks. 


RF CIRCUIT DESIGN 


21868P $33.95 
A practical approach to the design of RF amplifiers, 
impedance-matching networks and filters. Uses a minimum 
of complex maths. 


COMPUTERS AND THE RADIO AMATEUR 

66306P $28.00 
For the radio operator who wants to know how computers 
function and how they can be used with other equipment. 


SOLID STATE SHORT WAVE RECEIVERS 

FOR BEGINNERS 

222B $4.32 
Design and construction of several solid-state shortwave 
receivers giving high level of performance yet utilising 
relatively few inexpensive components. See also 226. 


HANDBOOK OF RADIO, TV, INDUSTRIAL & 
TRANSMITTING TUBE & VALVE EQUIVALENTS 

BP2 $2.25 
Equivalents book for amateurs and servicemen. More 
than 18 000 old and new valves from UK, USA, Europe, 
Japan et al. CV (military) listings with commercial 
equivalents included. 


RADIO CIRCUITS USING ICS 

BP46 $4.64 
Describes how iCs can be employed in receivers for the 
reception of either amplitude or frequency modulated 
signals. Stereo decoder circuits and the devices available 
at present for quadrophonic circuits are discussed. 


LONG DISTANCE TV RECEPTION (TV-DX) 

BP52 $6.56 
Written by UK authority, the book includes many units and 
devices made by active enthusiasts. A practical and 
authoriative intro to this unusual aspect of electronics. 


RADIO STATIONS GUIDE 
BP55 $5.92 


This is an aid for all those who have a radio receiver. 
Shows the station site, country, frequency and/or 
wavelength, as well as Effective Radiation Power of the 
reneminer and in some cases, the station's call sign as 
well. 


AN INTROOUCTION TO RADIO DXING 
BP91 $6.56 


One section is devoted to amateur band reception and the 
other section covers broadcast band reception, with 


: advice on suitable equipment and the techniques 


erpcyed when using that equipment. The construction of 
a number of useful accessories is described. 


AERIAL PROJECTS 
BP105 $6.56. 


Practical aerial designs including active, loop and ferrite 
which are relatively simple and inexpensive to build. The 
complex theory and mathematics of aerial design have 
been avoided. 


general 


AUTOMOTIVE TUNE-UP AND EMISSION CONTROL 
SERVICE 

21712P $20.75 
Car owners who wish to save money and maintain their 
Cars at peak performance will learn from this book how to 
adjust, repair and maintain the systems that ensure best 
operation. 


INTRODUCTION TO AUTOMOTIVE SOLID-STATE 
ELECTRONICS 

21825P $14.95 
For the professional as well as the home mechanic — 
explains the functions of most on-board automotive black 
boxes and logic systems, including anti-skid braking, 
electronic spark control, diagnostic systems and trip 
computers. 


SECURITY ELECTRONICS 
21419P $11.25 


The principles of operation of the electronic devices used 
in the various types of security systems are described. 
Intrusion detection and alarms, object detectors, bugging 
and debugging devices, computer protection, as well as 
the planning of systems. 


ELECTRONIC SECURITY DEVICES 
BP56 $5.92 


Besides including both simpte and more sophisticated 
burglar alarm circuits using light, infrared and ultra-sonics, 
this book also gives circuits for gas and smoke detectors, 
flood alarms, fire alarms, doorphones, baby alarms, etc. 


EXPERIMENTS IN ARTIFICIAL INTELLIGENCE 

FOR SMALL COMPUTERS 

21785P $13.25 
Artificial intelligence is the capability of a device to perform 
functions normally associated with human intelligence. 
With this book, a small computer with extended BASIC. 
and some knowledge of BASIC language, you can 
conduct interesting and exciting experiments in artificial 
intelligence. 


TELEMATIC SOCIETY 

02460P $17.50 
An extensive update of ‘The Wired Society’, this book 
demonstrates how developments in telecommunications 
will affect the way we live. 


ELECTRONIC CALCULATOR USERS’ HANDBOOK 
BP33 $5.12 


Presents formulae, data, methods of calculation, con- 
version factors, etc, for use with the simplest or most 
sophisticated calculators. Includes the way to calculate 
using only a simple four-function calculator: trigonometric 
functions; hyperbolic functions; logarithms; square roots 
and powers. 


abee ELECTRONIC CALCULATOR AND YOUR MONEY 
54 : 
Starts with a basic revision of percentages and decimais, 
then deals with mortgages, cars, insurance, fuel, 
shopping, tax etc. There's a section on investment and the 
last section deals with the calculator in a smail business. 
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PET talk — memory test 


MEMORY TEST is a simple program 


for 


PET owners, or those with other 


micros that support sound boxes. The 
game is a version of the ‘Simon’ toy in 
that you have to remember an increas- 
ing sequence of numbers and their 
associated tones. 

All the instructions are included in 
the program and the characters within 
square brackets are to the usual CT 
standards. Connections to a soundbox 
are from the N and M pins on the user 
port. A simple amplifier will suffice. 


Program listing 


REM**MEMORY TEST 

CLR 

PRINT” [CLS JMEMORY TEST” 
$1 = 59464: S2 = 59466: S3 = 59467 
PRINT” 7 
PRINT” THE IDEA OF THIS GAME IS TO 
REPRODUCE” 

PRINT” THE SERIES OF NUMBERS | WILL 
PRINT FOR” 

PRINT” YOU.” 

PRINT” IF YOU MAKE A MISTAKE PRESS 
"HOME’ & TRY” 

PRINT”AGAIN, OR PRESS ‘DEL’ TO DELETE 
LAST GO.” 

PRINT”PRESS ‘E’ TO END.” 

PRINT”DO YOU REQUIRE SOUND? (Y/N) ”; 


i GET AS 


NU = RNDITI):REM**RANDOMISE 

FAS=”" "THEN 61 

IF AS ="N” THEN POKE S3,0:GOTO 77 

IF AS ="Y" THEN POKE S$3,16:GOTO 77 
GOTO 61 

PRINT AS 

NPUT”RATE OF CHANGE OF SEQUENCE 
LENGTH”,R 

NPUT”MAXIMUM SEQUENCE LENGTH?";S 
F S>80 THEN S=R-1:REM ** 801S MAX FOR 
8K PET 

FS<R THEN PRINT”ERROR, SEQUENCE 
LENGTHI”;R;”TO 80)”; :INPUT S:GOTO 83 
PRINT”GOOD LUCK!”:FOR Q=1 TO 700:NEXT 
REM**PICK SEQUENCE & STORE 

DIM NS + 2),M(S + 2) 

FOR A=1TOS 

N(A) = INT(10° RNDITI)) 

NEXT 

G=0 = 

REM**MAIN PRINTING ROUTINE 

G=G+R 

IF G>S THENG=S 

PRINT” [CLS 1[8 CD ]"; 

FOR A=1TOG 

POKE S2,15:POKE $1,150 — N(A)* 10 

PRINT NtA)” ”; 

FOR X=1 TO 100:NEXT:POKE S1,0 

IF A/10=INT(A/10)THEN PRINT” ”: 

NEXT 

PRINT” [HOM 1YOU HAVE ”;INT(G/2);” 
SECONDS TO MEMORISE THE SEQUENCE”; 
PRINT” .";G;"NUMBERS” 

FOR Q=1 TO 450°G:NEXT 

REM** YOUR REPLY 

POKE S1,70:FOR P=1 TO 100:NEXT:POKE S1,0 
PRINT” [CLS ]O.K. NOW RETYPE THE 
SEQUENCE” 

FOR K=1 TO 10:GET W$:NEXT 
REM**SOAK UP EXTRA KEY PRESSES 
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K. Townsend 


PRINT” [HOM] [8 CD ]”";:FOR C=1TOG: 
PRINT” [#$ ] ”;:IF C/10=INT(C/10) THEN 
PRINT” ”: 

NEXT 

PRINT” [HOM] [8 CD]"; 

FORA=1TOG 

FOR U=1 TO 100:NEXT 

POKE S1,0 

GET AS$:IF AS=” “THEN 850 

B=VALI(AS) 

IF AS=" [HOM ]” THEN PRINT” [CLS ]TRY 
AGAIN”: POKE S1,0:FOR K =1 TO 1000:NEXT: 
GOTO 750 

POKE S2,15:POKE S1,150- 10°B 

IF A< =2 THEN GOTO 868 

IF A$ = CHRS(20) THEN A= A-1:PRINT” [3 CL] 
[#5] [2 CL)"; 

IF A$ = CHRS$(20)AND(A — 1)/10= INT 

((A- 1)/10) THEN PRINT” [CU ]"; 

IF A$ = CHR$(20) THEN 810 

IF AS="E” THEN POKE 59467,0:END 
PRINT B;” ”: 

REM**PRINT IN ROWS OF TEN 

IF A=0 THEN 880 

IF A/10 = INT(A/10) THEN PRINT” [CD ]”; 
M(A) = 8 

NEXTA 

POKE $1,0 

REM** CHECK FOR ERRORS 

ER=0 

FORA=1TOG 

IF N(A) << >M(A) THEN ER=ER+1 

NEXT 

IF ER>O THEN GOTO 1500 

IF S>G THEN GOTO 1150 

GOTO 5000 


5100 
5150 


5200 
5500 
5510 
56515 
5520 
5530 
5655 
63999 


REM**CORRECT REPLY 
PRINT” [CLS JCORRECT 
SEQUENCE” 

REM** TONE FOR CORRECT REPLY 

POKE S2,15:POKE S1,50:FOR Z=1 TO 20:POKE 
$1,50 


TRY A LONGER 


FOR X= 1 TO 80:NEXT:POKE S1,100:NEXT: 
POKE S1,0:GOTO 400 
REM**INCORRECT REPLY 


PRINT” [CLS JWRONG, YOU MADE”;ER; 
“MISTAKES, TRY AGAIN” 

REM** TONE FOR INCORRECT REPLY 
POKE S2,15:POKE S1,200:FOR Q=1 TO 12: 
POKE 59464,230 


FOR U=1 TO 35:NEXT:POKE 59464, 180:NEXT: 
G=G-R:GOTO 400 

T=TI:IF Tl=T +60°G THEN NEXT 

REM** TOTAL SEQUENCE 

PRINT” [CLS ][7 CD] FANTASTIC!” 
PRINT” YOU MADE YOUR SEQUENCE OF”; 
INT(S);"NUMBERS” 

FOR H=1TO7 

FOR J=200 TO 10 STEP - 10 

POKE S1,J/2 

NEXT: NEXT 

REM**POKE 59467,0 TO REACTIVATE 
CASSETTE 

POKE 59464,0 

PRINT”ANOTHER GAME?”; 

GET AS:IF AS=” "THEN 5510 

PRINT AS 

IF AS$="Y" THEN 1 

IF AS="N” THEN POKE 59467,0:END 
GOTO 5500 

END 


‘Prey’ — A predator/prey 
simulation for the Apple II 


by Phil Cohen 


The plotting capabilities of the Apple II are tremendous. 
Phil Cohen has used them for a bit of ‘modelling’ — 
simulating the way that different species interact when 
one is eating the other! 


SIMULATION IS ONE of the most 
interesting abilities of the computer. 
Using just a machine and a little bit of 
imagination, you can ‘create’ whole 
worlds. 

The program that I’ve developed 
makes use of the high-resolution graph- 
ics capabilities of the Apple — but I’m 
sure that anyone enthusiastic enough 
can modify it to run on almost any 
machine. 

What it does is to build a ‘model’ of a 
little piece of territory. On this terri- 
tory, there are two species of animal. 
They are called ‘predator’ and ‘prey’, 
and it is the delight of the predator 
species to catch and eat the prey. 

Now the prey eats grass — and this 
grass grows in the territory with a 
particular yield per unit area (i.e: for 
any given square meter of territory, a 
certain number of kilograms of grass 
will grow each year). . . and soon. 

What the program does (and [’ll 
explain its operation in detail) is to 
build up a set of equations which tell the 
computer what the relationship be- 
tween, say, the amount of grass and 
the birth rate of the prey is. So the com- 
puter can then tell you the answer to 
questions like ‘What will happen if the 
grass yield per unit metre falls by half?” 
(this could be caused by blight or 
drought). 

What the computer does is to produce 
a graph which shows, over a ten year 
period, what the population level of both 
the prey and the predators (shown as a 
dotted line) will be. The program allows 
you to alter a number of things at the 
start of the run, and will also allow you 
to put in a ‘crisis’ — a sudden change in 
one of the variables — at any time dur- 
ing the ten years. > 
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The model 
There are a number of variables set up 
at the start of the run. 


Territory size 

This is the amount of land on which both 
the predators and the prey live. Pro- 
gram variable: TR. 


Prey population 
The total number of prey on the terri- 
tory. Program variable: P1. 


Predator population 
The total number of predators. Program 
variable: P2. 


Food yield per unit area 

This is the amount of grass (prey food) 
grown per square metre of the territory. 
Program variable: YD. 


Prey natural life span 

This is the number of years that one of 
the prey species will live if it doesn’t get 
eaten. Program variable: L1. 


Predator natural life span 

This is the life span of each member of 
the predator species. Program variable: 
L2. 


Prey cull losses 

Basically, this is a measure of how 
many of the prey are killed by man. 
Program variable: CU. 


Of these variables, only the predator 
and prey population levels will be 
changed by the program in the normal 
course of events. (Any of them can be 
changed by using the ‘crisis’ input — 
but I'll come to that later.) 

The program, given this information, 
will go on to calculate the state of play at 
the end of each period (one period repre- 
senting roughly two weeks). It does this 
by applying a number of equations — 
I'll go through these one by one. 


Number of kills 

This is the number of prey that is killed 
and eaten by the predators. The pro- 
gram calculates this by calculating the 
probability that one of each species will 
be at the same spot at the same time. So 
the number of kills is equal to the 
predator population times the prey 
population divided by the territory size. 
The mathematicians amongst you will 
notice that this is not actually the prob- 
ability, and the naturalists will notice 
that there are a few other factors to be 
considered — but this is only a rough 
model. 


Food available 

The program multiplies the territory 
size by the yield and comes up with a 
total amount of grass grown in the 
period. No attempt has been made to 
properly quantify any of the variables 
in this model. 
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Number of prey births 

This is calculated by taking the amount 
of grass, dividing by the number of prey, 
and then limiting it to 25% of the origi- 
nal population. 


Number of predator births 
Similarly, the number of predator births 
is proportional to the amount of food for 
that species (in their case, the number of 
prey killed) — and again, it is limited to 
25% of the original population. 


Number of natural deaths 

The number of births is subtracted from 
the total population (which assumes no 
infant mortality) and the whole thing is 
divided by the life span. 


Predator and prey populations 
Each of the factors (births, deaths, etc) 
are either added to or subtracted from 
the original population to give the new 
populations. 


Having finished doing all of the calcu- 
lations, the program will simply plot the 
predator and prey populations on the 
screen, and then start all over again, 
giving a total of 240 steps in 10 years. To 
do this sort of thing by hand would take 
some weeks — but the computer man- 
ages it in about a minute! 


How it works 


The first few lines of the program 
initialise the variables, and then the 
screen is cleared (lines 10 — 60). Then 
the program prints out the current state 
of all of the variables, and asks whether 
you want to alter any of them before the 
run (lines 70 — 360). 

You can alter any or all of them at this 
stage, and the program will print out 
the current state each time. If you enter 
a ‘9’, the program takes this as a signal 
that you are satisfied with the initial 
state of the variables, and goes on to the 
next part. 

This asks you for the ‘crisis’ input — 
that is, a sudden change in one of the 
variables at a particular point in the 
run. So for example, you can cause the 
prey population to drop to half its usual 
value at year 5 (this could be due to 
disease, etc). 

Line 410 translates the ‘crisis’ year 
into a position across the screen. 

Line 470 sets the machine into HGR 
mode — that is, with most of the screen 
in high-resolution graphics mode, and 
with a small ‘text window’ at the 
bottom, for displaying messages. 

The next few lines (490 — 530) put the 
base line onto the graph. This represents 
zero population in either species, and 
has breaks in it to show the years (10 in 
all). 


Then the calculations start in earnest, 
as I listed above, at lines 580 — 830. 

By the time the program reaches line 
850, the values for P1 (prey population) 
and P2 (predator population) have been 
worked out, and are ready for plotting. 

The next section to line 900 plots the 
prey population as a solid line. The vari- 
able OY holds the last value plotted, 
and HPLOT is used to ensure that the 
line really is solid — if I had just put the 
point onto the screen, then sudden 
changes would cause a break in the plot. 
This way, it’s solid all the way. 

Then the predator population is plot- 
ted. ve used a dotted line for this — and 
to increase readability I’ve had the 
program HPLOT from a point under the 
point to be plotted to a point over it. So 
statement 940 plots a short vertical 
segment every third plotting position 
across the screen. 

Now all that remains is to make the 
‘crisis’ change if we’re in the right year. 
Line 960 checks the year, and lines 980 
— 1070 make the change, and print the 
fact on the screen (in the text window). 
The previous value of the altered vari- 
able is printed too. 

Line 1080 checks for the end of the 
run, and passes control to a ‘pause’ 
statement at line 1120, so that you can 
have a good look at the results. 

When the plot is finished, all you have 
to do is to press RETURN and the pro- 
gram will start again, but with the vari- 
ables set the way they were when the 
run finished. If you want to re-initialise 
the variables, you’ll have to break the 
program and re-RUN it. 


Sample runs 


Figure 1 shows a sample run. I left the 
variables set up the way they were 
initialised, and put in a change in pre- 
dator population at year 3. In year 3, the 
predator population changed from 75 to 
150. This could be due, for example, to 
problems in other areas forcing an 
influx of predators all of a sudden. 


1 SIZE OF TERRITORY 50e 
2 PREY POPULATION 190 
3 PREDITOR POPULATION 7 
4 FOOD YIELD PER UNIT AREA 15 
5 PREY NATURAL LIFE SPAN 18 
6 PREDITOR NATURAL LIFE SPAN 20 
7 PREY CULL LOSSES 1 
WHICH WOULD YOU LIKE 

TO ALTER (9 = FINISHED) 7 9 

YEAR FOR CHANGE (@ - 18) 7? 3 


WHICH VARIABLE TO CHANGE (1 - 7) 7 3 
VALUE TO BE SET AT YEAR 3 7158 


Figure 1(a). Sample run. Change in predator popu- 
lation at year 3. 


Prey 


Predator 


Ceeeetecorsecenarr pusneeeeegausreeetceeneegereceny 
uw 


YEAR 3 PRED 75 -> 150 


Figure 1(b). Doubling the predator population 
causes a fast drop in the prey population. 


The plot shows the prey population 
(solid line) and the predator population 
(dotted line). The change doubles the 
predator population, which causes a fast 
drop in the prey population due to in- 
creased number of kills. However, as 
soon as the number of prey starts to 
drop, starvation of the predators makes 
their population drop too. In fact, it will 
drop (at the end of year 5) to below its 
normal value. This drop in the predator 
population will cause the prey popula- 
tion to go back up, but its overshoot is 
limited by food availability, and so it 
quickly settles down. By the end of the 
10 year period of the run, things are 
back to normal again. 


20 TR = SOO'P1 # 180'P2 = 75:YD = 1 
30 Lt = 10L2 8 2:CU #1 


Prey ‘ 


Predator 


YEAR 3 PRED 75 ~-> 230 


Figure 2. Predator population increased even 
further. 


However, interesting things start to 
happen when you increase that ‘crisis’ 
blow. In Figure 2 I’ve increased the pre- 
dator population even further. So far, in 
fact, that there are enough predators to 
completely kill out the prey population. 
Naturally, when there are no prey, the 
predators die out too. 

An interesting thing happens if you 
put in a proportion of ‘cull’ (i.e: killing of 
the prey at a constant rate, by humans, 
say). Figure 3 shows this. If the inten- 
tion of the cull was to reduce the prey 
population (perhaps to reduce crop 
losses), then the cullers would be sur- 
prised to see that three years after the 
cull started, the prey population was 


‘PREY’ — SIMULATION FOR THE APPLE II 


1@ REM FIRST. INITIALISE THE oe TO THEIR STARTING VALUES 


500 KL = (P1 * P2) 7 TR 


Prey 


Predator 


sauedenennnneaneseaczeadtingy, 


YEAR 3 CULL 1 -> 7 
Figure 3. Prey population culled. 


slightly more than its initial value, due 
to the dynamic effects of the predator 
population! 


Suggestions for further work 


The possibilities of this sort of thing are 
endless. Naturally, the model I’ve used 
here could be extended (one rather 
obvious extension would be to put 
names to the two species, and to try to 
model a real system). 

But there are other directions in 
which the thing can move — what about 
introducing seasonal variations in birth 
rate, food yield, hunting capabilities, etc? 

There’s even the possibility of making 
the whole thing two-dimensional. Break 
the territory up into a number of areas, 
and see what happens when a change is 
introduced into one area. e 


59@ REM FD IS THE AMOUNT OF FOOD AVAILABLE TO THE PREY 


600 FD = TR & YD 


TEXT 
REM NOW CLEAR THE SCREEN (THE HARD WAY, TO CATER FOR ALL TERMINALS > 
FOR f = 1 TO 3@: PRINT ' NEXT I 
PRINT "1 SIZE OF TERRITORY"; TAK 38);TR 
PRINT 6358 
PRINT “2 PREY POPULATION"; TAB 38); INT (P1> 668 
PRINT 670 IF Bi > Pl 7 4 THEN B1 # Pi 7 

PRINT "3 PREDITOR POPULATION"; TAB 30); INT (P2) 680 REM THE PREDITOR BIRTH RATE 1$ PROPORTIONAL TO THE NUMBER OF KILLS 
PRINT 698 B2 = 10 * KL 7 P2 

PRINT “4 FOOD YIELO PER UNIT AREA"; TABC 38); ¥D 700 IF B2 > P2 v 4 THEN B2 = P2 » 4 

PRINT 718 REM M1 AND M2 ARE THE NATURAL MORTALITY RATES FOR THE TWO SPECIES 
PRINT "S PREY NATURAL LIFE SPAN"; TABC 3@>;L1 720 Mi = (P1 - B1> 7 LI 

PRINT 738 M2 = (P2 ~ B2) 7 L2 

PRINT 740 REM THE NEW PREY POPULATION IS THE OLD ONE MINUS THE NUMBER OF 
PRINT 750 REM NATURAL DERTHS. MINUS THE NUMBER OF PREDITOR KILLS, PLUS 

PRINT "7 PREY CULL LOSSES"; TABC 30);CU 760 REM THE NUMBER OF BIRTHS, ANO MINUS THE AMOUNT OF ’CULL’ BY HUMANS 
PRINT © PRINT 778 Pi = Pl - M1 - KL + BL - CU 

REM THE NEXT PART OF THE PROGRAM ALLOWS YOU! TO CHANGE THE STARTING REM THE NEW PREOITOR POPULATION IS THE OLD ONE MINUS NATURAL DEATHS 
REM CONDITIONS BY ALTERING ANY OR ALL OF THE VARIABLES REM PLUS SIRTHS 

PRINT "WHICH WOULD YOU LIKE" Pe = P2 ~ M2 + B2 

INPUT "TO ALTER (9 = FINISHED) 7 "GA REM NOW MAKE SURE BOTH FIGURES RARE SENSIBLE 

PRINT @ THEN Pl = 

ON A GOTO 388,318,320, 338, 348, 358, 368, 68, 390 @ THEN P2 = 

REM 1 DIDN’T USE A STRING ARRAY HERE BECRUSE IT WOULD HAVE MADE THE WORK 
REM REST OF THE PROGRAM DIFFICULT TO READ - ALL OF THE EQUATIONS 
REM WOULD HAVE BEEN IN TERMS OF ARRAY ELEMENTS 


618 REM THE NEXT STATEMENT ENSURES THAT THERE WILL BE NO BIRTHS IF 

626 REM THERE 1S NO POPULATION! 

630 IF Pl = @ THEN Bi = @: GOTO 670 

648 B81 © FO 7 Pl 

REM THE NEXT STATEMENT LIMITS THE BIRTH RATE TO A PERCENTAGE OF THE 
REM CURRENT POPULATION 


"6 PREDITOR NATURAL LIFE SPAN"; TREC 3@))L2 


: aed THE VERTICAL POSITION FOR THE PREY POPULATION PLOT 
1> 

HEN Y # @: 

HEN GOTO 

REM HPLOT FROM THE LAST POSITION TO THIS ONE 

HPLOT X - 1,0¥: HPLOT TO X.Y 

oye y 

REM NOW DO THE SAME FOR THE PREDITORS 

Y = 159 - (6 & P2> 

REM THE NEXT STATEMENT WILL GIVE A DOTTED LINE FOR THE PREDITORS 

IF ¥ > 1 ANDY ¢ 136 AND INT (X 7 3) * X 7 3 THEN HPLOT X.Y - 1: 


IF ¥ > 159 THEN Y = 159 
920 


G 
T 
INPUT "TERRITORY SIZE 7 "i TR: GOTO 68 T 
T 


INPUT “PREY POPULATION 7 “iP1: GOTO 68 
"PREDITOR POPULATION ? "sP2: GOTO 60 
"FOOD YIELD PER UNIT AREA 7 "i YO: GOTO 68 
"PREY NATURAL LIFE SPAN 7 "sL1: GOTO 68 
"PREDITOR NATURAL LIFE SPAN 7 "iL2: GOTO 68 
"PREY CULL LOSSES 7? ";CU: GOTO 68 
REM THE NEXT PART OF THE PROGRAM ALLOWS YOU TO ’INJECT’ A CHANGE IN 
REM ANY OF THE VARIABLES AT ANY POINT IN THE RUN 
INPUT "YEAR FOR CHANGE (@ - 10) 7 "iYR 
REM YX IS THE POSITION ON THE SCREEN WHICH CORRESPONDS TO THAT YEAR 
YX = INT (24.2 & YR) 
INPUT "WHICH VARIABLE TO CHANGE (1 ~ 7) 7 "i 4% 
IF V% > 7 OR V% < 1 THEN GOTO 420 
PRINT "VALUE TO BE SET AT YEAR "SYRi" "5 


HPLOT 


> YX THEN GOTO 1¢60 
REM NOW DO THE CHANGE THAT WAS REQUESTED 
PRINT “YEAR "GYRi" "i 
ON V% GOTO 1000, 1018, 1820, 1030, 1848, 1850, 1060 
PRINT “TERR "TRI: TR = VL: GOTO 1878 
PRINT “PREY "5 INT (P1)s:P1 © YL: GOTO 1878 
PRINT “PRED "i INT (P2)1:P2 = YL: GOTO 1876 
PRINT "YIELO "i¥Di:YD = YL: GOTO 1078 
PRINT "PREY SPAN ";L1;:L1 * VL: GOTO 1878 
PRINT "PRED SPAN “5L2::L2 = VL: GOTO 1878 
PRINT “CULL "iCUi:CU # YL 
PRINT "=> "i¥is" "5 
IF X < 242 THEN GOTO S60 
REM THE NEXT STATEMENT INPUTS A ‘DUMMY’ VARIABLE TO KEEP THE 
REM CURSOR ON THE SCREEN SO THAT YOU CAN VIEW THE FINAL PLOT 
REM BEFORE STARTING AGAIN 
INPUT " “AS 
GOTO 48 


+ PRINT = PRINT 

REM PUT THE BASE LINE ONTO THE SCREEN (WITH A GAP FOR ERCH YEAR) 
HPLOT @, 159 

FOR I = 3 TO 242 STEP 22 

HPLOT TO 1 - 3,159 

HPLOT I + 3,159 

NEXT I 

REM X IS THE CURRENT POSITION ACROSS THE SCREEN 
X=@ 

REM START GRAPH 

REM KL 1S THE NUMBER OF KILLS MADE BY THE PREDITORS 
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To help you find sources of project kits 
featured in this issue as well as the 
various items of hardware reviewed, the 
following list of firms has been com- 
piled. The list may not be definitive, but 
is accurate, so far as we are able to 
determine, at time of going to press 
(October 1982). 


ETI-685 $100 2650 board 


Complete kits for this project are avail- 
able from Applied Technology. They 
have their head office at 1A Pattison 
Ave, Waitara NSW 2077 and shops at 
35 Dickson St, Artarmon NSW 2064, 
1 Debenham Rd, West Gosford NSW 
and 27 Colbee Court, Philip ACT. 
Applied Technology can also supply 
ASCII-encoded keyboards and a variety 
of S100 projects that can be teamed with 
the ETI-685. 

If you can supply your own parts and 
work out your own PROM, and want to 
make the pc board for yourself, a set of 
full-sized artwork is available by send- 
ing a stamped, foolscap-sized or larger, 
self-addressed envelope to: 

ETI-685 pc artwork 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011 


ETI-686 EPROM programmer 
Complete kits for this project, which 
teams with the ETI-685, can be obtained 
from Electronic Agencies who have two 
stores: at 115-117 Parramatta Rd, 
Concord NSW 2137 and 117 York St, 
Sydney. Their mail order department 
lives behind P.O. Box 185, Concord 
NSW 2137. The designer, Ron Koenig, 
has retained copyright on the pc board 
design and can supply boards if you 
want to arrange the rest of the parts 
yourself. Write to R&S Koenig Com- 
puter Products, P.O. Box 363, Hornsby 
NSW 2077. He also has software 
available on either disk or tape. 


ETI-682 $100 PROM board 


Kits for this project are unavailable but 
there are no unusual components so you 
should have little difficulty assembling 
the unit. All the semiconductors are 
available from: Applied Technology 
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(address given earlier); Jaycar, 125 York 
St, Sydney and Cnr Carlingford & 
Pennant Hills Rds, Carlingford; plus 
Rod Irving Electronics in Melbourne at 
425 High St, Northcote Vic 3070. 

The printed circuit artwork is avail- 
able from us by sending a stamped, 
foolscap-sized or larger, self-addressed 
envelope to: 

ETI-682 pc artwork 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011 


ETI-652 joystick interface 


As this project teams with the 
System 80, it’s only natural that Dick 
Smith Electronics should offer a kit. 
Contact the Dick Smith store nearest 
you if you want a kit. Rod Irving 
Electronics in Melbourne also supply 
kits for this project. You’ll need a joy- 
stick to go with it and both firms can 
supply these as well. If you’re ingenious 
enough to make or otherwise arrange 
your own joystick and want to build up 
the project yourself, the artwork for the 
printed circuit board can be obtained 
by sending a stamped, A4-sized, self- 
addressed envelope to: 

ETI-652 pe artwork 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011. 
If you just want a ready-made pc board, 
the following firms can supply you: 

James Photronics 

522 Grange Rd 

Fulham Gardens SA 5024 


Jemal Products 
P.O. Box 168 
Victoria Park WA 6100 


Mini Tech 
P.O. Box 9194 
Auckland N.Z. 


R.C.S. Radio 
651 Forest Rd 
Bexley NSW 2207 


Sunbury Printed Circuits 
Lot 14, Factory 3 
McDougall Rd 

Sunbury Vic 3429 


HARDWARE 


Following is a list of distributors for the 
equipment reviewed in this edition. Dis- 
tributors should be able to advise you of 
your nearest dealer. 


Casio FX-702P 

Casio 

104 Bathurst St, 

Sydney NSW 2000 

(02)267-7747 

The FX-702P is stocked throughout 
Australia by Dick Smith Electronics. 


Epson MX-80 printer 

This is distributed by Warburton Franki 
who have offices in all state capitals and 
in New Zealand: Adelaide (08)356-7333, 
Brisbane (07)52-7255, Hobart (002) 
28-0321, Melbourne (03)699-4999, 
Perth (09)277-7000, Sydney (02)648- 
1711, Auckland N.Z. (09)50-4458 and 
Wellington N.Z. (04)69-3016. 


MPF-1 MicroProfessor 
Emona Enterprises Pty Ltd 
CBC Bank Bldg, 661 George St, 
Haymarket, Sydney. 
(02)212-4815. 


Ohio Superboard II 
TCG 

30 Balfour St 
Chippendale NSW 2008 
(02)699-8300 


Sharp CE-122 printer 

Sharp Corporation of Aust. Pty Ltd 
64-72 Seville St 

Fairfield NSW 2165 

(02)728-9111 

Note that Tandy have a similar printer. 


Tandy TRS-80 Color Computer 
Tandy Electronics 

280 Victoria Rd 

Rydalmere NSW 2116 
(02)638-6953 


VIC-20 computer 

Commodore Information Center 
3 Campbell St 

Artarmon NSW 2064 
(02)437-6296 


ZX81 computer & ZX printer 
Barson Computers 

86 Nicholson St 

Abbotsford Vic 3067 
(03)419-3033. 
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The experts agree ... the: Tandy TRS-80°: Color 
Computer lets: you. create spectacular high-reso- 
lution colour — at an amazingly low price! 
16K Standard Basic now only $599. 


A Programmer’s: Dream at only $799. Our 16K Color 
Computer with Extended Color BASIC uses one-line 
commands to make the creation of sophisticated 
graphics easy. Now you can produce colour dia- 
grams, business and engineering charts, even simple 
animation with a screen resolution of up to 49,152 
programmable pixel points (256x192). You get eight 
vivid colours, sound, a 32x16 screen format, editing, 
user-definable keys, error messages, PEEK, POKE, a 
built-in RS-232 serial interface, and much more. 


We Don’t Skimp on Documentation. Our easy-to- 
understand tutorial manuals on our Standard and 
Extended Color BASIC will quickly have you using the 
full potential of your TRS-80 Color Computer. 


The biggest name in little computers™ 
A DIVISION OF TANDY CORPORATION 


Retail prices may vary at individual dealer stores. 


“The Color Computer is THE best buy in 
the market today. It’s jam-packed with 
hardware capabilities and the graphics 
commands of Extended Color BASIC 
are excellent. Look at it!” 

— William Barden, Jr., Author 


“Tandy’s Extended Color BASIC is a 
breakthrough in colour graphics for 
personal computers, It's fast, easy-to- 
use, and capable of producing striking 
graphics,” 
— Stan Miastkowski 
BYTE Magazine 


“Anyone seeking a 
machine that will 
serve well. as a 
teacher. and a base 
ae fora home commu: 
nication and enter: 
tainment centre will 
tind the FRS-80 
Color Computer a 
strong: contender.” 
~ Carl Warren 
Popular Electronics 


"The TRS-80 Color Computer has the most 
potential of any computer on the market today; 
more versatile, more expandable, easily 
interfaced, and easier to use — bar none!” 

— H.C. Pennington, Author 


Instant Fun and Games! Just plug-in a Program Pak™ 
for exciting game action! Our TRS-80 Color Computer 
connects to any standard TV set. 


Expand At Any Time. Add a disk drive for only $699, 
and get 156K-bytes of on-line 
storage. Add more memory, a | 
printer, and other acces- 

sories, too. 


See It Today! Come in for a 

demonstration at a Tandy j¢: 
Computer Centre, store or |~ 
dealer near you. 


Send me a free TRS-80 Computer Catalogue. 
Mail To: Tandy Electronics L] BUSINESS 
Advertising Dept., PO Box 229, [|] PERSONAL 
Rydalmere 2116. ] EDUCATIONAL 
Name: 
Company: 


Address: 


rasp the future 
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With one giant step, Australia’s MicroBee 
brings the power of the personal 
computer within your reach. MicroBee is 
now ready built with a superb new case. 
Yet incredibly it costs no more. 
MicroBee is a complete learning 
package. Explore and master 
programming with the BASIC manuals, 
and inbuilt 16K ROM BASIC. The NSW 
Department of Education chose 
MicroBee. Find out why. MicroBee is 
powerful and “friendly”. You learn to 
control the built in sound, graphics and 
write and correct programs more easily 
with MicroBee. 

Printers, modems and cassette storage 
plug straight in. The optional parallel and 
Z80 port let you connect joysticks, or use 
the world standard S100 bus. MicroBee 
grows with you. Inexpensively. Add disc 
drives, voice synthesizers, colour 
graphics and EPROM programmers. 


Editor /Assembler in ROM lets you - 
programme in Z80 code. And when 
you're ready, MicroBee’s memory board 
unplugs, to take the just released 64K 
memory card. With disc drives you can 
run CP/M 2.2; your ticket to the world’s 
finest software. Order your MicroBee 
direct or call in and put the little Aussie 
marvel through it’s paces. 


To order MicroBee 
phone (02)487 2711 
or mail order: 

PO Box 311 Hornsby 
NSW 2077 


Fully built 
and tested 


microbee 
APPLIED TECHNOLOGY 2:5 o1ccc scree: 
1A Pattison Ave Waitara NSW 2077 hii 


to press 
Hours: 9-5 Monday to Saturday 
Phone (02)487 2711 Telex APPTEC AA72767 


Glover & Assoc. AT/29 


